DOCUMENT RESUME 



ED 288 783 



SO 018 537 



AUTHOR 
TITLE 



INSTITUTION 

SPONS AGENCY 
REPORT NO 
PUB DATE 
GRANT 
NOTE 

AVAILABLE FROM 
PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



Hickman, Faith M.; And Others 
Science/Technology/Society: A Framework for 
Curriculiun Reform in Secondary School Science and 
Social Studies. 

Social Science Education Consortium, Inc., Boulder, 
Colo. 

National Science Foundation, Washington, D.C. 

ISBN-0-89994-313-6 

87 

847-0585 
56p. 

Social Science Education Consortium (SSEC) 
Publications, 855 Broadway, Boulder, CO 80302. 
Guides - Non-Classroom Use (055) — Reports - 
Descriptive (141) 

MF01/PC03 Plus Postage. 

Core Curriculum; Course Content; Curriculum Design; 
Curriculum Development; High Schools; 
Interdisciplinary Approach; *Science and Society; 
^Science Curriculum; *Sciences; Scientific Literacy; 
*Social Studies; *Technological Literacy; 
*Technology; Unified Studies Curriculum 
♦Society 



ABSTRACT 

The Science/Technology/Society (STS) theme describes 
a contemporary trend in education which focuses on the teaching of 
issues such as air quality, nuclear power, land use, and water 
resources but justification for including STS in the high school core 
curriculum has a precedence based on historical connections among 
science, technology, and society. Maintaining social order, 
perceiving contemporary events accurately, and advancing science and 
technology require secondary school students to understand the 
nature, concepts, and processes of these disciplines in a social 
context. While educators have stressed a need to implement STS-based 
core curriculums, their recommendations have not become trends in 
curriculum development or reform, and curriculum reformers estimate 
that more than 90 percent of high school graduates have reached only 
the lowest levels of scientific and technological literacy. Chapter 
one describes a curriculum framework organized into the categories of 
acquisition of knowledge, utilization of cognitive skills, and the 
development of attitudes. Chapters two to four discuss topics, 
concepts, issues, attitudes, and cognitive processes that can be used 
as integrative threads. Chapter five examines curriculum options and 
alternatives, such as developing interdisciplinary courses. Chapters 
six and seven focus on the infusion of STS content into social 
studies and science courses. Th& concluding chapters, eight and nine, 
describe underlying teaching concepts, cognitive process skills, and 
guidelines for curriculum reform. (JHP) 
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PROLOGUE 



Dbciwslons of the sclence/technol- 
ooy/8ocl«ty (STS) theme often focus on such 
contempofar/ issues as air quality, nuclear 
power, land use. or water resources. The educa- 
tional theme Is problem solving leading to politi- 
cal action relative to the science-related social 
issue, indeed, this Immediate, practical under- 
standing and application of the STS theme Is Im- 
portant to educators, especially classroom 
teachers of science and social studies. 

Educators must realize, however, that whHe 
the phrase STS descrit)es a contemporary trend 
In education. Justification for teaching alxxjt STS 
Is found in a deeper, more fundanr)ental set of 
connections among science, technology, and 
society. A brief examination of these fundamental 
connections is important to understanding of the 
ptece and value of this monograph. The examina- 
tion requires us to go back in history. 

The Age of Enlightenment, the late I7th cen- 
tury to the late iWh century, had a profound In- 
fluence on both science and society. For ex- 
ample, ideas from The Age of Enlightenment- 
balance, order, continuity In physicai and polltl- 
caJ systems-are evident In our personal and so- 
cial lives. Two aspects of the Enlightenment are 
Important to the STS theme. During the Enlighten- 
ment, scientists accepted what we have come to 
l<now as scientific methods or. more appropriate- 
ly, that science is a way of l<nowlng about the 
wortd. A second Important aspect of the En- 
lightenment Is that there was a deliberate effort 
to use ideas from the Newtonian synthesis as a 
conceptual framewori< for the organization of 
societies. 

The Enlightenment, sometimes referred to as 
the age of scienca and revolution, blossomed In 
the 17th century, but the seeds were planted 
much eariler. During the Middle Ages, there was 
some scientific study, albeit for religious pur- 
poses. In the 13th century, a Franciscan monl< 
named Roger Bacon suggested a scientific 
method of Investigation and experimentation, in 
the 16th century, the wort( of Nicholas Coper- 
nicus. Concerning th« Revolution o/ the Heaven- 
ly Bodies, changed society's view of the solar 
system from an earth-centered to a sun-centered 
system. These Ideas also changed society's 
wortd view by demonstrating the Important scien- 
tific principle of questioning authority-ln this 
case. Ptolemy's concept of the solar system~vla 
an appeal to actual obsen«tlons of heavenly 



bodies. In biology. Andreas Vesaluls' Concerning 
the Fabric of the Human Body contributed to the 
revolution In scientific thlni<lng. The wori<s of 
Copernicus and Vesaluls were both published In 
1543. 

The 1687 publication of Mathematical Prin- 
ciples of Natural Philosophy by Sir Isaac Newton 
wrves as the symbolic beginning of the Age of 
Enlightenment. WhUe Newton's achievements 
buHt on the pest, they were In their own right 
scientifically and socially significant. In the short 
period from 1665 to 1667. Newton developed the 
mathematics of calculus. wort<ed out the optical 
law that white light is a mixture of colors, and 
described the universal law of gravitation. The 
larger synthesis was that there is order within the 
universe and the order of events can be ex- 
plained through natural laws. Alexander Pope s 
couplet recognized the magnitude of Newton's 
contribution- 
Nature and Nature's Laws lay hid In 
Night- 
God said, let Newton bel" and all was 
light. 

Newton's reputation rests on his discussions 
of scientific methods as much as It rests on his 
scientific discoveries. A social, as well as scien- 
tific, heritage is associated with the method of ob- 
servation, generalization, and experimentation as 
a way of l<nowing about the wortd. 

Newton's ideas and laws about the natural 
order also Influenced philosophic conceptions 
about social organization. Philosophers such as 
Francois Voltaire. Jean Jacques Rousseau, and 
David Hume devoted aspects of their political 
phlosophies to the search for an Ideal society. 
Because European countries already had 
societies with extant governments, economies, 
and social orders, the phlosophers' Ideals were 
not to De realized In Europe. On the other hand, 
coloniai America presented an opportunity to use 
Enlightenment kleas In establishing a new social 
order. Two of the principal architects of the new 
social order were Benjamin Franldin and Thomas 
Jefferson, both of whom spent time In Europe, 
were Interested In science, and contributed to 
society through their participation as citizens. 

The Empire of Reason,^ written by historian 
Henry Steele Commager, presents the thesis that 
the Old Wortd Imagined, Invented, and formu- 
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lated the Enlightenment and that America real- 
ized and fuKHIed the Enlightenment by writing its 
principles Into law and fonmallzlnq them Into In- 
stitutions. For exanrtple, the opening paragraph 
of the Declaration of lndependefK:e, drafted by 
Thomas Jefferson and approved la July 1776, 
contains words and phrases that reveal Enllghten- 
r.i^pt Ideas: 

When. In the Course of human events, 
It becon^es necessary for one people 
to dissolvo the poUtlcal bonds which 
have connected them with another, 
a:id to assunie among the powers of 
the earth, the separate and equal sta- 
tion to which nie Laws of Nature and 
Nature's God entMe them, a decent 
respect to the opinions of mankind re- 
quires that they should declare the 
causes which impe them to the separa- 
tion. 

Garry Wlls, In InvenVng America,^ makes the 
point that these lines a e distinctly Newtonian. 
There is the suggestkxi cf natural law: "When in 
the course of human events it becomes neces- 
sary," "bonds whteh heve connected." 'the 
powers of the earth." 'tiws of nature." and 
"causes whteh impel." All erf these phrases lend 
support to the argument hat America. In this 
case represented by Jefferscn, brought Enlighten- 
ment kJeas to its publte documents. These ex- 
amples Hiustrate that science and technology are 
a conceptual heritage in the historical documents 
out of which this country was bom and which 
continue to influence our socIhI development. 

The Constitutton includes few direct referen- 
ces to science and technology. Several specific 
proposals for science and tecindogy were con- 
sidered by the founding fathers, but were sub- 
sequently not included. One ::an Infer that the 
declsk)n to leave science beyond govemment 
control was deliberate. With time and changes in 
science, technology, and society, the relatk>nship 
between science and govemment has become 
doser and more controversial. Nonetheless, the 
relatk>nshlp between science and govemment 
was more distant and less critical near the na- 
tion's beginning. 

The founding fathers provided for a census 
In Arttele 1 of the Constitution. The context of the 
provision Is the appropriation of Congressional 
representatives and the apporttonment of direct 
taxes among the states. The directive is: 



The actual Enumeration shall be made 
within three Years after the first Meet- 
ing of the Congress of the United 
States, and within every subsequent 
Term of ten Years, In such Manner as 
they shall by Law direct. 

Artlde 1, Section 8 specifies the fdlow- 
Ing: To coin Money, regulate the Value 
thereof, and of foreign Coin, and fix the 
Standard of Weights and Measures. 

Later In the same article and sectton Is the 
only direct reference to science: 

To promote the Progress of Science 
and useful Arts, by securing for limited 
Times to Authors and Inventors the ex- 
duslve Right to their respective Writ- 
ings and Discoveries. 

To summarize, references to science and 
techndogy In the Constltutton provide for the 
census, the establishment of a standard for 
weights and measures, and protection of writings 
and discoveries through copyrights and patents. 

The PreamWe to the Constltutton and Artlde 
1. Section 8 contain clauses that Indirectly relate 
to historical and contemporary issues related to 
science and techndogy. The Preamble states: 

We the People d the United States, In 
Order to form a more perfect Union, es- 
tadlsh Justtee. Insure domestic Tran- 
quHltty, provide for the common 
defense, promote the general Welfare, 
and secure the Blessings d Liberty to 
ourselves and our Posterity, do ordain 
and estadlsh this Constltutton for the 
United States d America. 

Artlde 1, Sedton 8 gives Congress "Power to 
provide for the comnnon defense and general wd- 
fare d the United States..." 

The clauses "provide for the common 
defense" and "promote the general welfare" have 
been used to justify govemment support in areas 
such as weapons research arxJ frontier explora- 
tton whether these are repeating rifles. Strategic 
Ddense initiative (SD ). the Missouri Expedition, 
or the space shuttle. 

Probady the most important connection be- 
tvteen science and society is estadished in the 
First Amendment. That amendment ensures the 
scientific community the Independence needed 
for the free and pudic exchange d Ideas be* 
cause It prohibits any law "abridging freedom of 

e 
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speech or the press ... or the right to petition 
the govemmem for a redress of grievances; Few 
things are more essential to science than \he 
public presentation and review of discoveries. 

Some fundamental connections between 
science, technology, and society were estab- 
lished In the canons for scientific investigation 
and definitions of the American social order. 
Over 200 years, interactions between scientific 
and technological deveiopments and constitution- 
al principles have increased. Can there be any 
doubt about the need to maintain the social 
order? Is there any doubt about the Increased 
rate and varied directions of social change result- 
ing from scientific and technological advances? 
l-iere are but a few of the areas of connection be- 
tween science, technology, and a fundamental 
social document-the Constitution: 

• Scientific Research and the First Amend- 
ment 

• Information Technology and Freedom of 
the Press 

• Disease Control and Protection of Privacy 

• Medical Technologies and Personal Rights 

• Science, Technology, and Criminal Justice 



• Biotechnology and Public Protection 

The relationship between science and 
society couid not be fnore fundamental Maintain- 
ing the social order and advancing science and 
technology require students to understand the 
nature of science and technology, and the con- 
cepts and processes of science and technology. 
The same principles-maintaining the social order 
and advancing science-aiso require students to 
understand principles such as constitutionalism, 
republicanism and representation, federalism, 
and separation of power. 

The topics of this monograph are specific 
and practical. In order to make them useful to 
educators at the state and local levels. StHi, there 
Is need to recognize and appreciate the origins 
of, and justification for, the science, technology, 
society thenr>e because they relate to the founda- 
tions of our culture. 

Notee 

1. Henry Steele Commager, The Empire of 
Reason (New Yori<: Oxford, 1977). 

2. Garry WHIs, Inventing America: Jefferson's 
Declaration of Independence (New Yori<: 
Vintage, 1978). 
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1. INTRODUCTION 



Educational reform has ranked high on the 
public agenda In the United States during the 
1980s. Numerous commissions, task forces, and 
committees have deliberated and Issued reports 
about deficiencies, needs, and recommendations 
for Improving the education of young Americans. 
The major cunlculum refont) reports^ Include 
various recommendatk)ns. but all seem to agree 
that a sound basic education for high school 
graduates should emphasize: 

t Knowledge of ideas and facts In the sclen 
ces and humanities, whteh yields comprehension 
of nature and society. 

2. Cognitive processes and skills In using 
knowledge to solve problems and make 
declstons. whteh enable Independent thinking 
and learning. 

3. Connections of core ideas and ways of 
thinking in distinct academk: disciplines or fields 
of study, which bring coherence and unity to the 
curriculum. 

4. Appreciatkxi of values associated with 
science and democracy, whteh underglrds a free 
society. 

5. Commitment to responsible citizenship, 
whteh combines concern for both IndlvWual and 
community needs-for personal fulfillment within 
a healthy society. 

These common ideas about desirable educa- 
tional qualities underscore the central place for 
learning about science/technology/society issues 
In the secondary school curriculum. One can 
neither perceive contemporary events accurately, 
nor think effectively about them, nor act respon- 
sibly as a citizen In a modem democracy without 
learning about science and technology as power- 
ful cultural forces. 

Modem societies, such as the United States, 
are Increasingly propelled and changed by ad- 
vances In science and technology-distinct and 
synergistto ways of knowing about and altering 
the worid. Sciences (processes of knowing about 
nature and society) and technologies (ways of 
using knowledge to satisfy human needs or 
wants) are combined In modem societies to 
provkje Increasing human control over natural 
and social environments. Tremendous, ongoing 
achievements have spawned great hopes, fears, 
and controversies associated with a plethora of 



developments (e.g., nuclear power, genetic en 
gineering, organ transplantation, robotics, pes- 
ticides). 

In a democracy, citizens have the right and 
responslbHIty-as voters, consumers, wori<ers, 
and offlceholders-to parttelpate In decisions 
about Issues related to social uses of science 
and technology. The success of Individuals and 
their society Is tied to the quality of these 
chotees, whteh varies wKh the knowledge and 
cognitive skills of decision makers. The vitality of 
our American democracy depends upon 
widespread abHlty of citizens to think effectively 
about developments In science and technology 
and their effects on the worid. Therefore, a 
central mission of American schools should be 
education on science and technology In a social 
context. This kind of general education for citizen- 
ship Is likely to help stud<mts from all social 
groups understand more fully their own civiliza- 
tion and Its connecttons to the worid, to think 
more effectively, to act more productively, and to 
parttelpate more responsibly In the democratte 
process. 

The STS Trend Among Curriculum Reformers 

Educatk)nal leaders and associations agree 
that the study of science and technology In a so- 
cial context should be part of the core cur- 
riculum of secondary schools-sub)ects required 
of all students as part of general education for 
citizenship. Emphatte supporters of sclence/tech- 
nology/society (STS) In the secondary school 
core curriculum include such prestigious groups 
as the American Association for the Advance- 
ment of Science. Nattenal Science Teachers As- 
sociation, National Science Board Commission. 
Council for Baste Educatten, Commission on the 
Humanities. Camegie Foundation for the Advan- 
cement of Teaching, College Entrance Examina- 
tion Board, and the Nattenal Council for the So- 
cial Studies.^ These advocates Include repre- 
sentatives of education In the sciences, social 
sciences/social studies, and humanities (Includ- 
ing history). 

The report of a meeting sponsored by the 
Exxon Education Foundatten exemplifies the con- 
cems of leaders In science education about 
development of scientiftc and technologlral 
literacy In a social context. All participants 
agreed that courses In the core curriculum 
should highlight Interconnections among 
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8Ctenc#, technology, and human affairs." Thus, a 
rafonnad scianca cuniculum should "provWa stu- 
dents with t«8ic concepts and Intellectual tods. 
In an appilcatlona context, relevant to their lives." 
The main reason for this recommendation Is that 
these Ideas and cognitive processes are keys to 
adjusting to and participating In a world that wNI 
continue to change rapidly technologically for 
the foreseeable future 

Educators In the social studies and 
humanities have also caHed for cuniculum Im- 
provements to emphasize science and technol- 
ogy as powerful social forces and generators of 
critlcai public isaues. The Commission on the 
Humanltlas, for example, recommends: "Courses 
In the humanities (Including history) should 
probe connections between the humanities and 
other fields of knowledge (the sciences). For ex- 
ampte. humanlstk: questkm are Inherent ln-<and 
shouW foster an awareness of-the moral dlmen- 
sk>ns of science and technology.'^ Publk:atk>ns 
of the Natk)nal CouncN for the Social Studies 
(NCSS) have "crMclzed cuniculum patterns that 
isolate me study of science from the study of 
society."' The NCSS Science and Society Com- 
mittee urges infusk>n of "science-related social Is- 
sues" into core courses of the social studies cur- 
rteulum.^ 

Ernest Boyer, writing on behalf of the Car- 
negie Foundatkxi for the Advancement of Teach- 
ing, stresses the Importance of connecting dif- 
ferent bask: subjects within a "core cunrteulum' - 
the comnx)n learning experiences required of all 
students. He says: 'The baste cuniculum should 
be a study of those consequential kleas, ex- 
periences, and traditkxis common to ail of us by 
virtue of our membership In the human famly at 
a partteular moment In history. The core cur- 
riculum must extend beyond the specialties and 
focus on more transcerxJent issues, moving from 
courses to coherence."^ Boyer argues that con- 
necttons between science, technotogy, and 
society belong In the core curriculum, because 
these relattenshlps are among the nDost Impor- 
tant "kjeas, experiencea, and traditk>ns common 
to ail of us." Furthemwe, publte controversies 
generated by advances in science and technol- 
ogy are certainly 'transcendent Issues" of the 
modem worid. Boyer therefore recommends that 
all students study "how science and technology 
have been joined, and the ethteal Issues" that 
have been raised. He concludes, "It Is Increasing- 
ly Important for ail students to explore the critical 
role technology has played throughout history 



and develop the capacity to make responsible 
judgments about Its use "^ 

The STS trend among cuniculum reformers 
In the United States reflects an International 
movement. Nattonal reports and curriculum 
development projects In Canada. Australia. 
Britain. West Gemiany, Israel, and Holland have 
emphasized connecttons of science, technology, 
and society In the general educatton of citizens. 
For example, a recent report of the Science 
Council of Canada recommended: "Science 
shoukJ be taught at all levels of school with an 
emphasis and focus on the relatk^nshlps of 
science, technology, and society In order to In- 
crease the scientific literacy of all citizens. 

Needs and Problems In STS Currfculum 
Reform 

Educators In the sciences and social studies 
have proposed emphasis on sclence/technoi- 
ogy/soclety In the core cuniculum of secondary 
schools, but these recommendatk^ns have not 
become trends In curriculum development and 
classroom practtees. There Is a discrepancy be- 
tween '"what ouQht to be." according to major na- 
tional reports recommending educattonai poltey 
In secondary schools, and "what is," as docu- 
mented by various assessnf>ents of student 
achlevenwit. teaching procedures, and cur- 
riculum materials. 

Several recent studies have revealed scanty 
coverage of sclence/technology/soclety in either 
social studies or science textbooks or school dis- 
trict cuniculum gukles. Furthennore, only a small 
proportton cf secondary schools have courses 
desigrted to meet sclence/technology/soclety 
goals. 

The National Assessment of Educattenal 
Progress and other studies of student achieve- 
ment reveal generally low levels of student 
knowledge about sclence/technology/soclety and 
values related to scientific Inquiry in a free 
society. Furthermore, lnvestigatk)ns of teaching 
procedures In science and social studies class* 
rooms have revealed a tendency to underem- 
phaslze higher level learning and cognition as- 
sociated with Inquiry, problem solving, and 
decision making. Following his nattenwMe study 
of schooling. John Goodlad concluded that 
"preoccupation with the lower Intellectual proces- 
ses Mfx'ades social studies and science as 
weil."^^ 
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Curriculum reformers estimate that more 
than 90 percent of high school graduates have 
reached only the lower levels of scientific and 
techndogtcal literacy; that Is, students are only 
beginning to achieve the objectives of (1) Icnow- 
ing basic concepts In science and their applica- 
tion to technology, (2) understanding inter- 
relationships of science and technology in a so- 
cial context, and (3) using sclentlftc l(nowledge 
and cognitive processes to judge l<nowledge 
claims and nruilce reasonable decisions about 
public Issues. Social forecasters say that, in 
order to meet or>going economic and civic chal- 
lenges, citizens of modem societies of the near 
future will need to develop much higher levels of 
scientific and technological literacy than is 
demonstrated by Americans today. The nation's 
vitality In the 21st century may indeed be tied 
directly to improvements In education on 
sclence/techndogy/society Issues. 

The American Associatbn for the Advance- 
mem of Science (AAAS) points to the appreci- 
able difference between new recommendations 
for curriculum refomi and old realities In schools 
and urges action now to reform the curriculum. If 
defk:iencies are not remedied soon, an AAAS 
report warns, the gap between the public's un- 
derstanding of science and technology and the 
requirements of citizenship In a participatory 
democracy will continue to wlden."^^ 

I n view of cun'ent assessments and 
forecasts, curriculum reform Is required. Effective 
action, however, must recognize and respond to 
complex problems. How can distinct fields of 
l<nowledge-the social studies and sciences -be 
connected or Integrated In the core curriculum? 
Refomoers urge both secondary school science 
and social studies teachers lo emphasize Interac- 
i.ons of sclence/techndogy/society In their core 
courses. But how can science educators who 
\BCk experience and expertise In civics, history, 
economics, and geography be expected to teach 
facHely or effrctively about science and technol- 
ogy In history, or about public Issues related to 
advances In science and technology? Likewise, 
how can social studies teachers accurately treat 
pu'jllc Issues raised by advances In science and 
technology without detailed l(nowledge of basic 
principles of phvslcs, chemistry, biology, geol- 
ogy, and engineering? 

Collaboration between secondary school 
teachers of sciences and social studies Is 
needed. But is there sufficient common ground 
to sustain effective partnerships between 



educators from such, disparate fields of study^ 
What common concerns, shared concepts, and 
compatible ways of thinking might be used to 
connect studies of science/techndogy/soclety in 
two distinct, but complementary, areas of the 
secondary school cunlculum-the sciences and 
social ^>tudles? 

What is the best approach to collaboration 
between educators In the sciences and social 
studies in teaching about STS? Should special in- 
terdisciplinary courses be created? Or should 
content on STS be Integrated Into standard cour- 
ses In the sciences and social studies? Or 
should some combination of Interdisciplinary and 
Infusion strategies be used? In any case, what 
content and cognitive processes should be 
selected and emphasized by teachers and stu- 
dents of the sciences and social studies? 

A Framework for STS Curriculum Reform 

A prerequisite to resolutk)n of problems in 
cunlculum reform is constructk)n of a framework 
to guide design of courses or units of study. A 
framework for curriculum reform consists of Inter- 
related categories and criteria to guide selection 
and organizatkMi of content, cognitive processes, 
and affective processes to be taught and 
learned. Furthermore, these categories and 
criteria can be used to guide development of 
learning activities and materials that are in- 
tegrated into standard courses or comprise new 
courses or units of study. 

Construction of a framework for curriculum 
reform involves definition or development of 
boundaries for a field of study, thereby enabling 
users of the framework to kJentify content that 
fits a field of study and to distinguish it from sub- 
ject nriatter that does not belong. Construction of 
a curriculum framewori< also Involves setting 
priorities for selectton of content and processes 
for a course of study, permitting users to decide 
which content or processes to emphasize in 
developing learning experiences and materials. 

A framework for curriculum reform should be 
a general and flexible gukJe to decisions about 
cuniculum reform, not a detailed blueprint. Dif- 
ferent curriculum developers should be able to 
use the same framewori< sImHariy and variously. 
Some choices should be deariy prohibited by a 
soundly constructed framework, but different cur- 
riculum developers should be able to make 
various justifiable choices within the guidelines of 
the same framework. The 'ackJ test' of a cur- 
riculum framework is Its utility as a generator of 
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ideas for goals, content, learning activities, and. 
ultlniately, workatsle lessons and niateriais for 
use In secondary school classrooms. 

Our curriculum frameworl( for science/tech- 
nology/society IS organized into three categories: 
(1) acquisition of l<nowledge. (2) utilization of 



cognitive process sidlls. and (3) development of 
values and attitudes. Each category guides for- 
mulation o' particular educational goals, means 
of instruction, and content and learning activities, 
as indicated by the labels on the left side of 
Figure 1 . 



FIGURE 1 

FRAMEWORK FOR CURRICULUM REFORM 



A. GOALS 



B. MEANS 



C CONTENT 
AND ACTIVITIES 



1. ACQUISITION OF 
KNOWLEDGE 



Related to ScienceH'echnol* 
ogy/Soclety 



Through Study of Content 
In Three Areas of Emphasis 



STS Interactions 

Concepts/Topics 
STS issues 



2. UTILIZATiON OF 
COGNITIVE PROCESS 
SKILLS 

Based on inquiries in 
Science Technol- 
ogy/Society 

By Means of Three 
Types of Intellectual Ac- 
tivity 



Processing Infomnation 

Problem Solving 
Making Civic Decisions 



3. DEVELOPMENT OF 
VALUES AND AT- 
TITUDES 

About Practice of 
Science and Technoi- 
ogy and Democracy 

As an Outcome of 
Educational Experien- 
ces that Emphasize 
Two Kinds of Affective 
Orientations 

Values in Processes of 
Science 

Values In Democracy 



The three primary categories In this 
framework should not be considered separately 
in cuniculum developTr^nt and teaching. The 
primary categories neither refer to separate cour- 
ses nor distinct units d study. Rather, they are In- 
terelated and interdependent elements of a com- 
prehensive and coherent view of education on 
sclence/technoiogy/soclety; they should be 
treated Interactively In developing learning 
materials. For example, a major unit of study 
should emphasize aH three goals-acquisition of 
l<nowledge, utilzatlon of cognitive process skHls. 
and development of values and attitudes. Par- 
ticular lessons within a unit might also interactive- 
ly treat all the dimensions of the framework. 

Each of the primary categories In the 
framework Is the subject of a subsequent chap- 
ter of this work. Acquisition of l(nowledge on STS 
(lnteractk)ns, concepts/topics. Issues) Is the 
topic of Ctapter 2. Chapter 3 treats cognitive 



process skWs based on Inquiries In sclence/tech- 
nology/soclety: Information processing, problem 
solving, and cMc decision making. Development 
of valuer and attitudes about practices of 
science, technology, and democracy Is the topic 
of Chapter 4. 

In each chapter, criteria and Ueas fitting a 
major category of the framework are defined and 
explained as essential elements of education on 
science/technology/society in the curriculum of 
secondary schools. Furthermore, criteria and 
kleas In each category are justified as common 
concerns or shared goals of educators In the 
sciences and social studies. 

A special challenge In construction and use 
of this cuniculum framework Is klentiflcatlon of 
"integrative threads'-topics. concepts, princlpies. 
sets of attitudes, or cognitive processes that iink 
teaching and learning within or between separate 
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Qcademic disciplines or Ixoed fields of study. ^ 
Useful Integrative tfireads are generalizable They 
can be applied broadly, cumulatively, and flexibly 
to various learning experiences In different cour- 
ses of study. They can be elaborated upon and 
modified to fit various students and topics at dif- 
ferent levels of complexity. 

Chapters 2, 3, and 4 discuss topics, con- 
cepts. Issues, attitudes, and cognitive processes 
that can be used as such Integrative threads. 
Chapter 5 examines curriculum options: the use 
of Integrative threads to Infuse STS Into standard 
courses in the social studies and sciences or to 
develop special interdisciplinary courses. Chap- 
ters 6 and 7 discuss Infusion of STS content Into 
standard social studies and science courses. 
Chapter 8 explores interdisciplinary approaches 
to education on STS. Chapter 9 summarizes the 
main Ideas and recommendations for cunlculum 
reform presented in this work. 
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2. KNOWLEDGE IN EDUCATION ON STS 



Education on science/technology/society 
begins wtth knowledge. If students are to under- 
stand the Interrelationships of science and tech- 
nology In society, then education In this area 
must Incorporate the concepts, principles, and 
theories of the sciences (physical and natural 
sciences) and social studies (history and social 
sciences). Finally, scienceAechnology*reiated so- 
cial Issues* and the Ideas and Infonnation that 
pertain to them, are the essential context of this 
field of study. 

Paul DeHart Hurd, a leading science 
educator, emphasizes Ixeadth, rigor, and 
academic Integrity In selecting and organizing 
subject matter In courses or units of study that 
treat science/technology/society. Hurd writes: 
"Knowledge confined to one discipline Is too nar- 
row In scope to be the sole basis for dealing with 
higher science and technology, social problems, 
or problems of the Indh/idual ... A fair amount of 
tlie subject matter for a sclerice course . . . 
should Include that which llustrates the basic 
principles, theories, methodology, and conceo- 
tual nature of its parent discipline. Without this 
bacl(ground, students have no way to judge the 
validity of th^ Information they wR be using/* 

Hurd's viewpoint applies equally to educa- 
tion that includes science/technology/society In 
social studies courses. Unless students l(now 
basic concepts and facts in history and the so- 
cial sciences, they are not able to nieaningfully 
examine social issues or understand the Interac- 
tions of science and technology In a social con- 
text.^ 

In this chapter, three categories of 
l<nowledge are discussed as essential elements 
of a framework for curriculum refomi: (1) STS In- 
teractions, (2) major topics and concepts of 
academic disciplines In science and the social 
studies, and (3) STS issues. Curriculum 
developers, science and social studies super- 
visors, and secondary teachers can use these 
categories as guidelines to selection and or- 
ganization of su^ect matter. 

STS Interactions 

Science Is a systematic, objective, empirical 
approach to asldng questions and looldng for 
answers. Science Is limited to Inquiries Into physi- 
cal and social realities. Whenever possible, 
science seel<s its answers through repllcable 



means, usually Involving the detennlnatlon of cor- 
relations and the design and conduct of control- 
led experiments. 

Technology is the application cl icnowledge 
to ^he solution of practical problems. In modern 
time, science has fueled and driven technology, 
and technology In turn has Influenced scientific 
endeavors. The two enterprises, often viewed as 
different sides of the same coin, may be thought 
of as complementary or combinatory, rather than 
as Independent. 

Scientific and technological endeavors occur 
within society, the collective Interactions of 
human beings at local, national, and global 
levels. Societies are comprisec of interrelated In- 
stitutions created to serve various human needs 
and wants. Societies and Institutions are distin- 
guished and shaped by the values of their mem- 
bers. As valurs change, so do the Institutions 
and the directions of a society. Science and tech- 
nology affect and are affected by the Institutions 
and values of a society, as Indicated by Figure 2. 
Education on STS In science and social studies 
courses should emphasize these Interactions, 
which are discussed Man, 

Interaction: SCIENCE— > TECHNOL^Y. 
The l(nowledge generated by the bCii .tic 
enterprise plays an Important role In shaping 
technologies. Our technological limitations are 
more often products of limited l(now!edge than In- 
adequacies In engineering sidlls. 

Interaction: SCIENCE— > SOCIETY. The 
l(nowledge generated by science Influences In- 
dividual and collective action. Examples of this 
extremely obvious and Infinitely powerful relation- 
ship abound. Consider, for example, the social 
consequer)ces of the compass or gunpowder. In 
a more contemporary sense, the social conse- 
quences of advances In physics, biology, and 
health are evident. 

Interaction: TECHNOLOGY— > SCIENCE. 
New technologies shape the scientlftc enterprise, 
often detennining the questions that are asked 
and the nieans that are employed In seeldng 
answers. This often-overiooked or underes- 
timated interaction has grown to unanticipated 
proportk)ns hi recent decades. Just as Leeuwen- 
hoel( could not observe unicellular organisms 
until he developed sophisttoated magnifying len- 
ses, so scientists today are limited in their In- 
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FIGURE 2 
STS INTERACTIONS 



SCIENCE 



SOCIETY 




TECHNOLOGY 



qulrtes by the tools available to them. On the 
brighter side, we sometimes develop tools that 
exparxJ our vision Into undreamed-of domalns- 
the use of computers for brain scanning being 
only one of the many recent and notable ex- 
amples. For better or for worse, "pure science" Is 
becoming Increasingly rare. WhHe some scien- 
tists are stM seeking knowledge for Its own sake 
without regard to possible future applteatk>ns, 
their work is sekJom funded without an eye to fu- 
ture technologies. For example, today's basto re- 
search In cell bkriogy Is a direct result of con- 
cerns about cancer. Work on light is supported 
by Interests ranging from the medteal appltea- 
tlons of fiber optics to the mlKary applteatknis of 
laser weapons. 

interaction: TECHNOLOGY— > SOCIETY. 
Technology has profound influences on how 
people act and Interact k)cally. natk^nally, and 
globally. Perhaps the most misunderstood and 
maligned of aH the lnteractk)ns, this Is perhaps 
also the most visible and the most rapidly chang- 
ing from the viewpoint of the average citizen. 
Care must be taken to avoM one-sMed, emotlon- 
al Indtetments when, for example, nrnxlem fer- 
tilizers are blamed for polluting the water whNe 
their contributkHi to Increased food productk>n Is 
overiooked or discredited. Technology per se Is 
neither friend nor foe-but positive and negative 
consequences are unavoklable. The challenge Is 
to anticipate both and then take steps to mini- 
mize undeslred outcomes. Such chotees fall 



wKhln the decision-making purview of Indivkluals 
(e.g.. safe use of contraceptive technologies), or- 
ganized groups (e.g.. citizens* actkHi and lobby 
groups for environmental or consumer protec- 
tk)n). and natkxis (e.g.. the debate over nudear 
weapons systems sent ort)ltlng In space). 

Intefiction: SOCIETY— > SCIENCE. In- 

divklual and collective opinkxi and actk)n often 
determine how the course of sclentlfte research 
wHI proceed. In any human system, the total avail- 
able resources are always less than the total re- 
quired to meet the needs and wants of all the 
components of the system. Thus, much scientific 
research goes unfunded, because society 
believes some questknis to be nrnxe Important 
than others. Often, a cortcem for possible future 
applk»tk>ns Is the arbiter, and promising areas 
of Inquiry that coukJ generate signlfk:ant leaps In 
understanding lay ktie and forgotten. Public 
oplnk>n also restrains research procedures. Ex- 
amples Include the actkxi of the Cambridge City 
Council , to ban recombinant DNA research In 
that muntelpallty and the continuing efforts of 
animal protectk)n groups to outlaw research on 
mammals, vertebrates, or all animals. 

Interaction: SOCIETY— > TECHNOLOGY 

Individuals and groups of human beings make 
chotees about what new technologies wHI be 
developed and how they wHI be employed. From 
the perspective of the average citizen, this inter- 
action may appear nriaglcal if it exists at all. In 
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fact, new technologies frequently seem to arise 
from nowhere-absent one day and mysteriously 
omnipresent the next. Only upon careful, detailed 
examination of histories, trends, and decision 
trails does it beconrie possible to delineate the 
chain of human-controlled causes and effects 
that lead to the deceptively "ovemlghf ap- 
pearance and widespread adoption of new tech- 
nologies. 

What must be emphasized with students Is 
that, at every point along the way, people nr^ake 
decisions to create and disseminate new tech- 
nologies. Scientists select a single research area 
from the thousands available to them. Com- 
panies, government agencies, or both invest in 
engineering, development, and testing. Financial 
institutions anange venture capital. Marketing 
specialists Identify those most likely to buy, and 
advertising experts detemilne ways to persuade 
the potential buyer. Manufacturers determine 
cost-effective productk)n schemes. Distributors 
Identify means of bringing products to the retaH 
marketplace. Finally, consumers decide whether, 
when, and how thev wM use new technologies. 
The deciston of the user provides the feedback 
that completes the system. This scheme of bring- 
ing consumer technologies to market differs only 
slightly from the pattern employed to deliver 
large-scale technologies, most notably weapons 
and defense systems, for collective uses. 

interaction: SCiENCE— TECHNOLOGY- > 
SOCIETY. These Interactknis may be either 
mutually reinforcing or mutually exclusive and 
may, hjrthermore, create desirable or undesirable 
outcome seen as risks, benefits, gains, losses, 
advantages, or disadvantages. The patterns of 
thought typteally described by "cost-benefit 
analysis" anC "risk-benefit analysis" are no longer 
seen as com^^ex, technical tools accessible to 
only a few. Seeking answers to such questtons 
as "What do 1 hov«t to gain?" and "What do I 
fiave to lose?" is an activity of merit for every 
citizen and every stuco^Tt. The answers to these 
questk)ns can be a^. ^^ined only through 



detafed study of situation-dependent Interactions 
between and among science, technology, and 
society. 

Major Topics and Concepts 

in addltk)n to understanding STS Interac- 
tions, students need to know topics and con- 
cepts In science and the social studies that per- 
tain to studies o. science/technology/soclety. For 
example, the concepts of continuity and change, 
from the academto discipline of history, can be 
applied to lessons on the origins and effects of 
new ideas in science and their applk:atk)ns to so- 
cial InstltutkKis. Furthermore, the concept of sys- 
tem, used in science and social science dis- 
ciplines, c€r be used to Illuminate developments 
in technology and their effects on societies. 

The concepts of power, authority, and 
freedom, derived from pollttoai science, can be 
applied to relatkxishlps of science and govern- 
ment and the effects of these relatk>nshlps on 
citizenship In free societies and authoritarian sys- 
tems. For instance, developments In science and 
technology may provkle ^vemment offk^'als In 
an authoritarian regime with vastly greater ^x)wer 
to control people sub|ect to their authority. By 
contrast, the same developments in science and 
technology in another social context may be 
viewed as llt>erating forces, giving more power to 
achieve desired ends to various groups and 
citizens of a free society. 

Several core concepts relevant to studies of 
STS are applteaUe to education In both the scien- 
ces and social studies. These concepts might 
serve as organizers for information on STS within 
standard secondary school courses in the scien- 
ces and social studies. Or, they might be founda- 
tions for Interdisciplinary courses or units of 
study. Figure 3 presents a list of these con- 
cepts.^ This list Is nof definitive; rather It Is Indica- 
tive of the kinds of ideas that can be developed 
In the sciences and social studies. 
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FIGURE 3 

UNIFYING CONCEPTS FOR SCIENCE, TECHNOLOGY, AND SOCIETY 

SYSTEMS AND SUBSYSTEMS 
ORGANIZATION AND IDENTITY 
HIERARCHY AND DIVERSITY 
INTERACTION AND CHANGE 
GROWTH AND CYCLES 
PATTERNS AND PROCESSES 
PROBABIUTY AND PREDICTION 
CONSERVATION AND DEGRADATION 
ADAPTATION AND UMITATION 
EQUIUBRIUM AND SUSTAINABIUTY 



STS IMUM 

A third knowledge component of education 
on STS Is sclence/technology-related social Is- 
sues. These Issues Involve both factual and value 
judgments; whHe rooted In science/technology, 
they cannot be resolved sde'y by scientific or 
technological means. Indeed, value positions, 
rather than technical considerations, often 
dominate decision making about STS issues. In 
various STS controversies (fetal research, 
nuclear power plant placement, use of life-sup- 
port systems. In vitro fertHizatk)n, disposal of In- 
dustrial wastes, and so forth), no amount of data 
can resolve the fundamental value conflicts. Fur- 
thermore, different experts may Interpret the data 
variously. Thus, knowledge produced by scien- 
tific inquiry is necessary, but not 8uffk:ient, to the 
resolution of complex Issues of public poltey. 

Decisions on STS issues emerge from social 
and polltlcai pressures, which involve Interaction 
among experts In science and technology, 
goverrment offtelals. interest group leaders, and 
the citizenry In general. Points of view must be ar- 
ticulated, criticized, and debated. Legislators 
who reflect the values and attitudes of voters 
must be elected. Laws must be proposed and 
debated untH compromises are reached that 
reflect generally accepted values about the Is- 
sues. 



STS issues often Involve trade-offs between 
conflicting values. In whteh there is no dear view 
of right or wrong. Many environmental Issues, for 
Instance seem to force choices of either clean 
air and .vater cf industrial production and jobs. 
Most people agree that Industrie)! pollution Is 
bad; they liiso (end to agree that unemployment 
and a depressed ecorK>my are bad. Solving the 
problem may Involve a trade-off or compromise 
anrx)ng cortflk^tlng value positions (e.g.. limiting 
pollution sufflciently to protect health and environ- 
ment WhHe stHI maintaining a satisfactory level of 
productton and employment). 

Science/technology-related social issues 
abound in dally newspapers, television news 
programs, and weekly newsmagazines. Further- 
more, they permeate the oKxlem history of 
AmeHca and the world. A few examples of cur- 
rent STS issues are: (1) the technk:al efficiency 
and public safety of nuclear power plants. (2) the 
hazards of recombinant DNA research and 
genetic engineering. (3) the threats to environ- 
mental quality and publte health associated with 
various Industrial enterprises. (4) the loss of cer- 
tain types of jobs to automatk)n/robotlcs. (5) the 
depletion or conservatton of nonrenewable 
natural resources needed to sustain or stimulate 
economk: development. (6) the economic and so- 
cial problems occask)ned by rapklly growing 
human populations, as a consequence of advan* 
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ces In medical care and nutrition, and (7) the citizens of modem societies. A more specific list, 

peris posed by nwdem weapons (both nuclear ranked by science educators Is displayed in 

ond conventional) and the ever-present threat of Figure 4. Figure 5 indicates changes expected in 

their use In acts of ten-or, rebellion, or war. Of STS Issues by the year 2000. These tables 

course, this brief list of topics is merely sugges- prr-We support for inclusion of STS Issues in 

tlve of the plethora of examples that challenge science and social studies classes.* 



FIGURE 4 

U.S. SCIENCE EDUCATORS' RANKING OF SCIENCE/TECHNOLOGY-RELATED 

GLOBAL PROBLEMS 
(N = 77) 



GLOBAL PROBLEM rAnk I^EAN 



POPULATION GROWTH (wortd population, immigration, canylng capacity, i 3.40 
foresight capability) 

WATER RESOURCES (waste disposal, estuaries, supply, distribution, ground 2 4.83 
water contamination, fertilizer contamination) 

WORLD HUNGER AND FOOD RESOURCES (food production, agriculture, 3 4.94 
cropland consen/atlcn) 

AIR QUAUTY AND ATMOSPHERE (acid rain, CO2, depletion of ozone, 4 5.50 
global 'varming) 

WAR TECHNOLOGY (nerve gas, nuclear developments, nudea; amis threat) 5 5.63 

ENERGY SHORTAGES (synthetic fu»Hs, solar power, fossH fuels, conserve- 6 6.09 
tlon, oN production) 

LAND USE (son erosion, reclamation, urban development, wHdlife habitat 7 6.50 
loss, deforestation, desertification, saiinlzation) 

HUMAN HEALTH AND DISEASE ((Infectious and noninfectious disease, 8 6.63 
stress, noise, diet and nutrition, exercise, mental health) 

HAZARDOUS SUBSTANCES (waste dumps, toxic chemicals, lead paints) 9 6.93 

EXTINCTION OF PLANTS AND ANIMALS (reducing genetic diversity, 1 0 8.51 
wildlife protection) 

NUCLEAR REACTORS (nuclear waste management, breeder reactors, cost 11 8 90 
of constnjctlon, safety, terrorism) 

MINERAL RESOURCES (nonfuel minerals, metallic and nonmetaliic minerals, 12 9.36 
mining, technology, low-grade deposits, recycling, reuse) 
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FIGURE 5 

U.S. SCIENCE EDUCATORS' INDICATION OF CHANGE FOR 
SCIENCE/TECHNOLOGY-RELATED GLOBAL PROBLEMS BY THE YEAR 2000 

(N = 77) 
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POPULATION GROWTH 
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WATER RESOURCES 


10.3 


22.1 


67.6 
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FOOD RESOURCES 


11.6 


29.9 
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AIR QUALITY AND ATMOSPHERE 


29.5 


23.1 


36.2 
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6.4 


21.8 


57.7 


14.1 
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12.8 


33.3 
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LAND USE 


10.3 


39.7 
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HUMAN HEALTH AND DISEASE 


52.0 
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14.3 
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HAZARDOUS SUBSTANCES 
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17.9 


59.0 
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3.8 
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37.2 
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STS Issues should be studied within stand- 
ard secondary school courses In the sciences 
and social studies. According to a recent report 
of science educators. "Societal Issues must be 
raised as one Integral part of the present courses 
In chemistry, physics, biology, general sciertce. 
ai«d earth science, not as separate courses . . . 
An Infusion rate of perhaps 10 percent seemed 
appropriate and feasible."^ Social studies 
educators have made simlar recommendations 
about Including STS Issues In geography. 
American hlsto^. work) history, and 
civics/govemment. Other educators In science 



and social studies have advocated study of STS 
Issues through interdisciplinary courses. 

In any case. STS Issues should be studied In 
concert wHh concepts and topics of academic 
disciplines that have a bearing on the questions 
under consideration. In addition, these Issues 
should be connected to STS interactions, which 
were discussed in the first part of this chapter. 
For example, suppose students are examining Is- 
sues about land use-a standard topic In secon- 
dary school geography courses. They should ex- 
amine STS Interactions to learn how humans 
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have variously modified their environments by 
development and application of rwc technology 
In fanning, mining, stock raising, forestry, 
manrifacturing, etc. Students should also learn 
how t>aslc concepts In geography (e.g.. interac- 
tion and change) can t)e applied to land use Is- 
sues, such as conservation or development of 
wilderness areas. 

Guidelines for Education on Knowledge In 

STS 

Following are guidelines for supervisors, cur- 
riculum developers, and teachers of secondary 
school who wish to develop lessons, courses, or 
units of study that treat science/technol- 
ogy/society. These guidelines reflect the basic 
place of l<nowledge acquisition In the framewori( 
for STS curriculum reform (see Figure 1 In Chap- 
ter 1). 

1. Develop comprehension of three fun- 
damental concepts-*science, technology, 
soclety-and the various Intenelationships among 
these three concepts, such as the symbiotic con- 
nection of science and technology, occurring In 
a social context. 

2. Emphasize l<nowledge of major concepts 
In science and technology that are associated 
with significant social changes and Issues; these 
concepts and topics, anchored in the traditional 
academic disciplines of physical and natural 
science, shiould be applicable to social Issues of 
continuing importance and relevance to citizen- 
ship In a free society. 

3. Emphasize l<nowledge of major concepts 
and topics In history and the social sciences that 
are associated with significant social Issues 
rooted In science/technology; these concepts 
and topics Include Institutions and humeri affairs 
connected with the practices, products, and ef- 
fects of science/technology in a social context. 
These concepts and toptoi should be treated in 
historical perspectNe and with vision toward the 
future. 

4. Teach about STS Issues in history and 
contemporary society which ilumlnate and en* 
hance comprehension of STS Interactions; these 
STS Issues should be llnlced to core concepts 



and topics of standard secondary school sub- 
jects In the sciences and social studies. 

5. Develop ur>;jerstandlng of the uses, limits, 
abuses, and variable social consequences of 
scientific and technologlcai endeavors; the ul- 
timate goal Is connecting education about 
sclence/technology/soclety to development of 
good citizenship In a free society. 
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SciencelTechnology/Soclety (Washington, DC 
National Science Teachers Association. 1985). 
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3. COGNITIVE PROCESS SKILLS IN EDUCATION ON STS 



Knowledge about sclence/technology/society 
(the first dimenalon of the framework for cur- 
riculum reform) becomes more meaningful and 
valuable when joined to cognitive process. This 
combination of educational priorities involves 
both acquisition of knowledge and Its applteatlon 
to questtons, Issues, problems, and declstons. 

Cognitive processes In both the sciences 
and social studies consist of sklls In using 
knowledge to describe, explain, evaluate, and 
deckJe. In history, sodal sciences, and natural 
sciences, for e)eample. scholars marshal Infonna- 
tton to formulate and test hypotheses-to support 
or reject competing claims about reality. Slg- 
nMcant differences In ways of thinking and know- 
ing distinguish academk: disciplines within and 
between broad fieMs such as the sciences and 
social studies, but puUk: standards of scholar- 
ship (shared beliefs about how to conduct and 
resolve confltoting or alternative claims about 
knowledp*) are generally agreed-i^. These 
broad conrnnon concerns and approaches to In- 
quiry can be emphasized In both science and so- 
cial studies courses to bring coherence to 
studies of STS in dHferent parts of the secondary 
school cunlculum. 

The ovenlding purpose of teaching all stu- 
dents to use certain cognitive processes and 
skNIs Is to help them become literate and critteal 
consumers and users of knowledge on science 
and technology In a social context, not to urge 
them to become scientists or engineers. The 
aMIty to gather, organize. Interpret, evaluate, 
and apply knowledge to everyday concerns is an 
expectatton of citizenship In a free society. Thus, 
these cognitive process skMs shouM be em- 
bedded in the core cunlculum of secondary 
schools. 

When Inquiring about STS Issues, three 
kinds of cognitive processes can be stressed In 
both social studies and science courses: (1) Infor- 
matk>n processina. (2) problem solving, and (3) 
declston making.^ In this chaptor, these three 
types of cognitive processes-wr^ cognitive skills 
associated wKh them-are defined and con- 
nected to other parts of the framework. Further- 
more, the cognitive process sklls are justMed as 
Important aspects of educatk)n on STS. Finally, 
guklellnes for developing these cognitive 
process sklls are presented. Note that use of the 
lemis STS Issues and problems Implies that 
problem klentlfk^atlon Is Included as part of the 



acquisition of knowledge and utHlzatkJn of cogni- 
tive processes. Speclfte discusston of problem 
Wentiflcatton Is provWed In the section on 
problem solving. 

Information Processing 

We live in an era of Information explosion 
and overtoad, whteh is driven by computers with 
enonTKHJS capacity for storage and retrieval of 
data. But the constructkxi and use of systems 
for organizing. Inputting, accessing, and Interpret- 
ing Informatkxi depend upon human capacities. 
Unlike prevkMJS eras, when a minority of edu- 
cated people could maintain the system, modern 
societies need very large numbers of IndMduais 
with basic skMs in infonnatton processing. These 
SkMs in gathering, organizing, interpreting, and 
communteating infonnatton are baste, both to in- 
quiry In the sciences and social studies and to 
solving daly problems. They are at least neces- 
sary. If not suffteient, to problem solving and 
deciskx) making In both academte and practical 
affairs.^ 

Sklls in gathering informatton involve sys- 
tematte coMectton of data In natural, social, and 
laboratory settings through unmedlated use of 
the senses or extenstons of them provkJed by 
various kinds of instmments. In addltton, sklls in 
gathering infonnatton Involve ablitles In using 
reference sources and Informatton storage 
faclKles, such as libraries and computerized data 
bases. 

After informatton has been gathered. It is 
made meaningful through sklls In organization, 
interpretatton, and communteati* .. These skHls. 
first of aH. Involve analysis ant dasslflcatlon of 
phenomena-the use of deflnittons to distinguish 
data that fit a concept (category) from data that 
do not belong to the category. From classifica- 
tion, one moves to nreasurement, comparative 
analysis, synthesis, and appraisal. On the founda- 
tions provkJed by sound conceptualization, one 
is able to measure and compare variations in dif- 
ferent categories, to make relattonshlps between 
categories, and to constmct generalizations that 
describe and explain various aspects of reality. 

Persons sklled in processing Infomriation are 
able to gather data emptricaly In various set- 
tings, to use concepts to classify these data, and 
to communteate descriptions and explanations 
about these data in written and graphic form. Fur- 
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thermore, they can gather data from various 
raftjrence sources, whteh Involves sklls In finding 
and Interpreting messages In writing and In 
graphic formats, such as tallies, diagrams, 
charts, graphs, and pictures. 

Sklls In gathering, organizing. Interpreting, 
and communteating Infonnatlon about 
sck»nce/t9chnology/soclety can be treated em- 
phatically In both the science and social studies 
curriculum of secondary schools. Variattons In 
these treatments wW necessarily occur because 
of differences In the data and the methods of In- 
vestlgatton that distinguish Inquiry In the scien- 
ces and sodal studies. Nonetheless, emphasis 
on cognitive processes and sklls-systematk: 
vwys of processing InfomiatkMi In any fieki of 
study-can reinforce and Integrate learning In the 
tvi^o different but complementary areas of the 
sciences and social studies. 

Problem Solving 

Problem solving In the sciences and social 
studies Involves formulatk)n and testing of 
hypotheses about what Is and why. In technol- 
ogy, problem solving refers to applteatkm of 
sclentlfteaHy tested hypotheses (principles) to 
practteal aftairs, to achievement of goals such as 
constmcting sound bridges and buHdlngs or 
designing Improved systems for administering 
complex social organlzattons. In STS, problem 
solving may Include forecasting and predtoting 
with reference to assessments of current condl- 
tkans, of trends, and of relatkmshlps between od- 
tlons and their likely consequences.^ 

An Important skNI in problem soMng-in 
science, social studies, and technology-Is the 
abHIty to Identify and frame a problem so that 
subsequent Inquiry can be focused on It. This 
cognitive operatkMi Is triggered by experiences 
that stimulate awareness of a problem area 
Then, a specific problem within this broad 
category, whkJh can be Investigated empirically 
Is stated dearly and exactly. Thus, the boun- 
daries of Inquiry are set: attentk)n Is directed 
toward certain kinds of objects, events, or 
phenonema and away from other objects 
events, aixi phenomena. 

Another problem-solving skNI Is fonnulatton 
of alternative hypotheses, whteh can be tested 
empirically. In response to a speclfte problem. An 
aspect of this cognitive operatton Is clear and 
precise statements of hypotheses In ternis that 
suggest procedures for testing the hypotheses. 



The problem-solving process In various scien- 
ces involves skNIs In selecting, designing, and 
carrying out suitable means to test hypotheses 
Which general method is most appropriate-ex- 
perimentdi, sample survey, case study, or some 
other approach to finding solutions supporting 
one proposition over alternatives? How should 
partteular procedures for testing hypotheses be 
modified to fit various condittons? 

The problem-solving process in technology 
Involves applteatten of tested hypotheses-which 
constitute our fund of knowledge about the way 
our worid wori<s-to achievement of desired out- 
comes. Thus, for example, we use knowledge 
derived from chemistry and botany to make and 
ust synthette fertilizers and pestteides to solve 
problems related to achieving greater fami 
productton. Problem-solving proctMses vary 
within and across academte disciplines and tech- 
nologies, because of signlfteant differences in 
types of phenomena and events. However, there 
are general similarities in these processes and 
sklls in both the sciences and social studies. 
Educators in both fields share goals about 
developing problem-solving ablitles thsl can be 
applied to the daly concerns of individuals in 
their various roles as citizens, consumers, 
wori<ers, and parents. Thus, problem-solving 
processes nnd skNIs in using science and tech- 
nology in society should be essential elements of 
the core cuniculum in secondary schools. 

Civic Oecleion IMakIng 

Deciston making about issues in the use of 
science and technology in society is a iogteai ex- 
tenston of InfomiatkMi processing and problem 
solving. The findings of sclentlflc inquiry are 
relevant to everyday concerns, because they 
have a bearing on publte pdtey declsk>ns we 
make as citizens and as private individuals. For 
instance, kr^edge based on scientllte Inquiry 
that cigarette smoking is associated with neart 
disease and lung cancer is relevant to personal 
decisions about whether or not to smoke and to 
publte pdtey decistens about limitattons on smok- 
ing in publte places. 

Decisten making about science/technology- 
related social issues is an inescapable part of 
civte life. Consider three examples that are repre- 
sentative of toptes covered regularly and 
elaborately in daHy newspapers. How should 
citizens vote on a local referendum to approve 
construction of a trash-burning power plant for 
the city? Was the FDA's deciston to ban laetrile 
as a cancer therapy another example of unwar- 
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ranted government paternalism, or was It a 
necessary safeguard? What criteria should be 
used to judge proposals and practices in organ 
transplantation? 

As citizens, we make personal choices that 
have soclcJ consequences; we also partlcir>ate in 
collective decision making about public pollclas. 
whereby the civte communities to which we 
belong (local, state, and natkKial) make authorita- 
tive and binding declskxis about governance. 
These kln^s of choices are refen-ed to as cMc 
declskxis. in contemporary society, cMc 
decisions Increasingly pertain to Issues based on 
developments in science and technology. 

EssentM slements of cIvte decisk)ns are: (1) 
awareness of an occask)n for decision, (2) defini- 
tion and clarMcatk>n of an Issue within an oc- 
casion for decision, (3) fomujiatkNi and darlftea- 
tk>n of alternatives on an issue, (4) use of 
knowledge to predk:t (hypothesize) consequen- 
ces that are rnor* or lees likely to result from 
selecting one or another of the alternatives, (5) 
assignment of positive and negative values to 
consequences connected to each alternative, (6) 
determinatk)n of more or less Important goals 
and values associated with each set of alterna- 
tives and consequences (establishment of 
priorities), (7) seiectk>n c< one alternative or 
chotee as better than others In terms of priorttles- 
the ranking of goals and values associated with 
the various opttons. and (8) acting on «)e 
declsk>n.' 

These essential elements of civic declston 
making are Involved variously In different sltua- 
ttons. in some instances, deciskxi makers may 
readly identify altematlves, but have diffteulty In 
clarifying values and ranking goals. In other sllua- 
ttons. the heart of the decWon-maklng process 
may be thinking creatively about altematlves for 
reaching a dear and long-standing goal. In other 
sKuatkxm, alternatives and goals may be deariy 
known, but the real challenge is predkrting ac- 
curately the consequences of altematlves. In 
short. cMc dedston making about complex so- 
cial Issues Is not a linear or mechank:al process 
to whteh one simply applies a formula. Rather, 
these essentia^ elements, consUered together, 
fonn a cohere«Tt frame of reference to guide 
declston makers^-to remind them of intercon- 
nected cognitive operatkKis involved in this 
process and to help them keep track of moves 
associated with each of these operations. 

CMc declstons can be dMded Into three 
general types, depending on the amount and 



quality of the Informatkw or knowledge available 
to the declston maker: (1) declston making with 
certainty. (2) declston making with uncertainty, 
and (3) declston mar.'ng with risk. Different 
declston-making strategies, are implied by these 
three types of situations.® 

in declston making with certainty, the 
evidence for consequences linked to each alter- 
native is so complete and valid that there is vir- 
tually no risk in anttolpatlng what will happen 
when one or another of the altematlves Is 
selected. Under this condition, the decision 
maker needs only to choose the action as- 
sociated with the highest valued outcome. The 
challenge is exduslvely one of identifying and 
ranking goals and values to be applied to out- 
comes that are known in advance. 

in declsk)n making wHh uncertainty, IKtle or 
nothing is known about the consequences that 
may occur when the various altematlves are 
chosen. Under this conditton. declston makers 
are left only with hunches or Intuttton to guide 
their chotoes. 

Declston making with risk is the mo^ com- 
mon conditton associated with social issues, it in- 
volves chotees made with more or less 
knowledge about outcomes. Declston makers 
have a reasonable sense of the probabilities con- 
nected with different sets of altematlves and con- 
sequences. Thus, the risks of choosing various 
options are more or less known. The full range of 
sklls associated with essential elements of 
dedston making (described above) are utHlzed to 
choose an altematlve that seems most likely to 
yieto a desired outcome or to avoto higMy un- 
desirable results. These soclo-cMc decisions 
often Involve tough chotoes between desirable 
outconm. such as maintaining high employment 
In a parttoular area and also curt)lng environmen- 
tal abuses caused by the major employers in the 
regton. In this type of occasion for decision, 
choosers usually try to resolve an issue through 
compromise-by selecting an optton that gives 
each side something It wants, bul which com- 
pletely satisfies no side in the controversy. 

CMc decision making requires scientific 
knowledge to define issues, darify altematlves, 
and justify hypotheses about consequences that 
are more or less likely to result from one choice 
or another. However. cMc declston making 
moves beyond scientific knowledge; judgments 
must be made about the relative desirability of 
consequences. Are the likely outcomes more or 
less negative or positive? Civic decision making 
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requires aesessmem of likely outcomes accord- 
ing to priorities that represent personal and so- 
cial values and goals. Thus, cMc decision 
making Involves use of knowledge produced by 
science to make InfonDed judgments atXHJt what 
shouM be done to resolve public Issues or policy 
debates. 

SkHI Involved in the civic decision-making 
process can be acquired and Improved upon 
through practtoe In secondary school courses in 
the social studies and sciences, indeed, if these 
skWs are not emphasized In school, through for- 
mal educatkx), they are not likely to be learned 
by most people. 

Guidelines for Education on CognitWe 
Proceee Skills in STS 

The aim of developing cognitive process 
sklls In STS is not to educate experts in 
academk; specialities, although students prepar- 
ing for careers In science, engineering, and 
puUk: admlnistratkxi wW certainly benefit from 
these kinds of leaming experiences. Rather, the 
goal Is general educatk)n for effective citizenship 
In a democracy. With this end In mind, the follow- 
ing guWelines are presented to currteulum 
developers and teachers of secondary school 
courses that Include the sclencertechnol- 
ogy/sodety theme. These guWelines, of course, 
reflect the bask: place of cognitive process skRIs 
In the framework for STS curriculum refonn (see 
Figure 1 1n Chapter 1). 

1. Emphasize development of cognltK^e 
process skills Involved In scientmc/technologteal 
Inqulry-lnduding Infomiatk^n processing and 
problem solvlng-as ways of producing and ap- 
plying knowledge about nature and society. 

2. Emphasize development of cognitive 
process skills Involved In ch/to decisk)n making 
as a ratk>nal means of assessing, judging, and 
selecting from among optk)ns to resolve issues 
about the uses of science and technology in 
society. 

3. ProvMe continual practtee, across dis- 
ciplines and sequentially, to direct students' use 
of cognitive process skHls, to correct mistakes im- 
mediately and constructively, to reinforce 
desirable perfonnance, and to enhance iteming. 



4. Use direct or didactk: teaching as a useful 
means to introduce skHls; however, students 
must also be stimulated and gukJed to think 
about their resolution of problems, take starxls 
on Issues, and judge propositions about 
knowledge. 

5. Emphasize practtee of skills with recogni- 
tion of how they are part of a process, such as 
civic deciskjn making or problem solving in scien- 
tific Inquiry; avoW teaching skHls discretely, 
which Is a weak means to the development of 
higher level cognitive capacities. 

6. Incorporate leaming acth/itit^s on cognitive 
process skills In the core cunlculum-school sub- 
jects required of all students; cognitive process 
SkHls In science/technology/society shouhj be 
developed systematteally and e<tenslvely In all 
social studies and science courses, in a manner 
consistent with the Intellectual development and 
prior leaming experiences of students. 
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4. VALUES AND AHITUDES IN EDUCATION ON STS 



Values and attitudes are associated with 
practices and products of science and technol- 
ogy. Our standards (values) and dispositions (at- 
titudes) atxxit what Is good or bad, better or 
worse, desirable or undesirable cannot be 
separated from human actions, which are In- 
fluenced by the socU dlmate and culture In 
which one acts. Science and technology in 
Western cMlzatlon. for example, were shaped 
by the I8th century European Enlightenment,^ 
which promoted values of freedom, rationality 
and objectivity. America, the chM of Western 
Europe, has been nurtured by values of the En- 
lightenment, Including beliefs underglidlng the 
processes of science and democracy. According 
to Max Lamer. In America as a CMIizatlon 
"American science had a few cmclal things In its 
favor. It had the whde body of Europe's science 
to use as an unllnftlted drawing account; yet it 
had also the advantage of dlstance~the extra 
margin of freedom from the grooves of conven- 
tional thkildng which often hemmed In the 
European scientists."^ 

Values and attitudes associated with science 
and democracy are essential elements of the 
American heritage and contemporary society 
Therefore, these values and attitudes should be 
emphasized In both science and social studies 
courses. especUly In lessons on science/technol- 
ogy/society. The overriding purpose, of course. 
Is educating for citizenship In a free society. 

Three Idnds of values and attitudes about 
science/technology and democracy can be 
stressed in both social studies and science cour- 
ses: (1) values, attitudes, and assumptions about 
ways of l<nowlng and l(nowledge. (2) values, at- 
titudes, and assumptions about persons who 
engage in science, and (3) values, attitudes, and 
assumptions about citizenship that pertain to 
uses of science/technology in a democratic 
society. The items that fit these three categories 
are listed and discussed briefly as elements of 
the STS curriculum framework. 

Values, Attftudet, and Ataumptiona About 
Knowledge 

Methods of inquiry in science are embedded 
In a network of values, attitudes, and assump- 
tions (statements accepted as tme without proof) 
about knowiedge-what it is and how it is 
produced. Understanding these values, attitudes, 
and assumptions is likely to foster appreciation 



of what science is and is not and to stimulate 
reflection, whteh transcends the boundaries of 
scientific inquiry, about the social uses of 
pclence-about the central question of 
philosophers and responsible citizens: To what 
end?"* 

Following is a list of statements that should 
be addressed by designers of STS courses and 
units of study: 

1. Knowledge 's never complete and humans 
shouW engage in the quest for it. The forms and 
sources of human knowledge have limits. There 
are always more questtons than answers, and 
the body of knowledge on any topk: is never ade- 
quate. Furthennore. seeking and producing 
knowledge are worthy human endeavors. 

2. Knowledge changes over time, as does 
the stnjcture of knowledge. This distlnctkHi is as 
subtle as it Is slgnfflcant. Obvtoualy. the Infonna- 
tton we possess on a topte changes as more Is 
leamed. But it is also true that the way that Infor- 
matton is processed, organized, and evaluated 
changes. Facts thought unimportant at one time 
may prove central to the scientific enterprise at 
some other time. One need only recall the redis- 
covery of Mendel's forgotten principles of 
heredity and their place In the life sciences today 
to see this point. Care must be exercised to see 
this process as never-ending. Mendel's laws are 
now used less and less to explain modem 
genette research. So the structure of knowledge 
In genetics is continuing to change and will con- 
tinue to change in the future. Scientists and 
citizens should learn to appreciate and cope with 
change in both knowledge and in the stmcture 
of knowledge. 

3. The physteai worid can and should be 
known through the processes of scientific in- 
quiry. Scientists believe that there are no Invisible 
or supernatural barriers between their minds and 
the physteai worid. They believe that the physteai 
worid exists independently of human percep- 
tions, that it can be known through objective, em- 
pirical investlgatkjn, and that acquiring this 
knowledge is worthwhile. 

4. The physical worid operates unJar a set of 
laws that are constant, thereby permitting predic- 
tion. Scientists assume that the laws governing 
objects and phenomena are the same across 
time and space. Thus, one can forni a theory 
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about cells or gravitation and predict with great 
accuracy how a variety of cells and falling ob- 
jects wHi t)ehave under varying conditions. There 
are exceptions to this MM. For example, sonie 
scientists now contend that during the t)llllonths 
of a second that followed the Big Bang, physical 
laws as we know them did not exist. 

5. Phenomena should be descrlt)ed and ex- 
plained In mechanistic tem^ without using super- 
natural Inten^entlons. Scientists seek to describe 
and explain phenomena. Whether supernatural 
forces may be at work Is unknown and unknow- 
able to the scientist. The sclemM looks not for 
purpose or deliberate design, but for the charac- 
ter and functton of objects or phenomena as 
they exist now or as they have existed In the 
past. 

6. Every cause has at least one effect and 
every effect has at least one cause. The aim of 
science is to develop necessary and suffteient ex- 
planatkxis for natural phenomena; wtile this goal 
Is not achieved, It nevertheless serves as an 
Meal. The actk)n-reactkx) nnxJel from physics ex- 
emplifies the aim of 9<Aef^Mc explanatkMi. Single 
cause and single effect are directly and equally 
related: simple, constant, and predictable. In the 
life sciences, multiple Interacting causes are 
linked with multiple Interacting effects within ran- 
ges of statlstteal emx. Researchers attempt to 
sort the range of causes and to assign relative 
weights to specifk: variables within a large set. 
Though more complteated In expressk>n. the fun* 
damental principle of cause and effect Is stHI at 
work. 

7. Data do not necessarily speak for themsel- 
ves. A single body of data my logteally support 
more than one concluskxi, just as different 
bodies of data may support a single Interpreta- 
tion. Inferences from data are made by humans 
and are, therefore, fallible constructkm. Con- 
clusions must be viewed as tentative and subject 
to refutatbn. Thus, responsible skepticism and 
criticism are continuing activities within the 
natural and social sciences. 

8. If observatkm are valid, they are 
replteaUe. Single-source, one-time reports are In- 
sufficlen! evUence. RepllcatkH) Is an essential ac- 
tivity In both the natural and sociai sciences. 

9. Scientific explanatk>ns have an aesthetic 
quality. This Is the "elegance" of experiments, 
hypotheses, and theories. When the parts of an 
Intellectual puzzle fall neatly Into place, the result 
has beauty. 



10. Knowledge Is more likely to approach the 
ideal of truth when obtained objectively. Data ob- 
tained from controlled experimentation have 
greater valMlty than opinion, conjecture, and 
even judgment based on experience. Thus, ob- 
jectivity Is valued In the pursuit and production of 
knowledge. 

Values, Attitudes, and Assumptions About 
Persons Engaged In Scientific Inquiry 

Characteristics of persons engaged In sclen- 
tifk: Inquiry are linked to values, attitudes, and as- 
sumptk)ns Involved In the heuristtes of science, 
whteh are listed above. The following statements, 
therefore, can guUe cuniculum developers and 
teachers In development of students' values and 
attitudes through studies of sclence/technol- 
ogy/society: 

1. There Is value in diversity of kleas and a 
commitment to remaining open-minded In con- 
fronting compeUng ideas. Science requires its 
practitk)ners to sift through altematlve 
hypotheses, all of which must be assumed 
plausible unti empirically refuted. Science grows 
through the testing and accepting or rejecting of 
competing Ideas. Therefore, the scientist values 
diversity of thought In the sclentlfte setting. 

2. Knowledge is good. Sclence-by definition 
a search for answers to questions-rejects the 
maxim that Ignorance Is a satisfactory state of af- 
fairs. The scientifteally-mlnded prefer empirical 
knowledge as explanatk>ns for objects, events, 
and phenomena In the physteal and human en- 
vironment. 

3. Curiosity Is essential to sclentlfte progress. 
Science Is the enterprise of the curious. We as- 
sume that science continues v^h a vigor roughly 
proportk)nate to the curiosity of Its practitk)ners. 

4. Prudence resides In the tendency to defer 
judgment unti the facts are available and can be 
assessed rattonally. Like other people, natural 
and social scientists must make declsk)ns In the 
face of Incomplete data, but the scientifically- 
minded person Is prone to seek out relevant 
facts, consider opttons. and postpone judgment 
untH data are analyzed. 

5. Logk: Is an essential attribute. The resolu- 
tion of problems through logical approaches Is 
central to the methods of science. This Is not to 
Ignore the often-critical place of Intuition and 
creativity In an'lving at new procedures or 
answers. The test of new knowledge lies, 
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howr/tr, In the appeal to data and logic In the 
construction of new theories. 

6. Patience and perseverance are important 
qualMes tor scientific research. Some proljlems 
in science require lifetimes for their resolution 
The scientifically-ininded believe that there Is 
value in sticldng vvlth a tasit. even when conven- 
tional wisdom might suggest a gallant retreat. 
Perseverance also means dedication to an Idea 
or an Ideal and a high level of tolerance for the 
monotony and fnistratlon of continued long-term 
Investigation. 

7. Emx may be honorable In the honest 
search for knowledge and applications. 
Criticisms from other scientists and refutation of 
assertions are pert of the process of science. Of 
course, scientists are human beings like 
•veryone else, and they are subject to personal 
Involvement and defense of their kJeas. projects, 
and papers. Sometimes they defend their kleas 
beyond the reasonable canons of sclentifte in- 
quiry, but the value of "honor In error" Is a goal 
even If one not too often achieved. 

Valuee, AttHudes, and Aeeumptions About 
CMzenehip in a Free Society 

Values and attitudes In science are com- 
patible with cMc virtues in a free society. 
Progress In science depends upon open com- 
munteation. free speech and press, freedom of 
assembly, and academk: freedom, whteh are 
basic values of the American constitutkmal 
democracy. SpecMcaHy, they are guaranteed by 
the First Amendment of the Constitutton. Whie 
scientific wori< may be encouragod In 
authoritarian societies. It often Is seen primarily 
as a tool of the state, or the mllng powers, and Is 
often hampered by state-sanctk}ned or- 
thodoxies.^ 

Those who understand the value stnjcture of 
science have a heed start on tasks of good 
citizenship In a democracy. They have patience 
for a diversity of ideas and points of view. They 
are skeptteal of ehort-temi soluttons. They also 
have confidence In the abllty of thinking human 
beings to sort through their diffteultles and 
achieve woricaUe solutkxis to problems. The stu- 
dent who understands what it means to think 
sclentlfk^y Is not only prepared as a citizen to 
ask pertinent questions about science and tech- 
nology, but also to ask relevant social questtons 
and to demand defensible answers. Finally, such 
a citizen can deal with a worid changing at a 
faster pace than ever before. Understanding that 
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knowledge changes and that declsbns result 
from Interactions of knowledge and attitudes, the 
student of STS Is equipped to face the challen- 
ges of the 21 St century. 

Following are statements about cMc values 
that shoukJ be stressed In education about 
sclenceAechnology/soclety. These civic values 
are compatible with values In the heuristics of 
science. 

1. CM! liberties and rights of Individuals are 
protected by law. The U.S. Constitution guaran- 
tees civi liberties of Individuals and minority 
groups against the tyranny of ruling elites and 
me tyranny of majority n««e. A basic value of a 
deoKXjracy Is freedom to think and express 
ideas, even If they are unusual, unpopular or 
crttteal of prevaling practices and beliefs. 
Freedom to think, examine, and express Ideas Is, 
of course, critteaHy Important to the vibrant exer- 
cise of sclentlfk: Inquiry. In contrast, an 
authoritarian society never pemilts crttteal ex- 
aminatton of prevailing and sancttened Ideas- 
not even by leaders of a sclentWc elite. Examples 
of the openness of our society are found In 
debates about heart transplants, the rights of In- 
fants, and death with dignity. 

2. Social pluralism and diversity are ac- 
cepted and encouraged within reasonable limits. 
A free society is open to variation In thinking and 
acting, so long as this does not undermine or 
threaten to destroy social unity or the common 
good. An operi society-tolerant of diversity-en- 
courages lnnovatk>n and progress in science, be- 
cause science depends upon open communlca- 
tion and free movement of people and Ideas 
within arxl across cultures. 

3. Citizens have freedom and responsibility 
to parttelpate in pdtey decisions. In a 
denf>ocracy. polteies reflect the popular wW of tne 
people. Expirts, such as scientists, are called 
upon to Inform citbens and pdtey makers, but 
the limits of scientific uxp^nis^ are recogniz( 
Policy decisions are made in ternis of value^i. 
which are outside the boorxiaries of scientific ex- 
pertise. As a parttelpant in policy decision 
making, the scientist plays the role of citizen in 
concert with other citizens. Thus, In a democratic 
society, the power and limits of science are 
recognized in cMc decision making and gover- 
nance. 

4. Equality of opportunity and rewards based 
on merit, not special privilege, are main charac- 
teristics of a free society. Individuals are en- 
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couraged and assisted In developing thetr talents 
to the fullest and are enabled to achieve rewards 
commensurate with contrilxjtlons to the society. 
These values and attitudes about opportunity 
and rewards, If operational In a society, are lll<ely 
to stimulate maxbimm development and use of 
talent In science and technology as well as other 
fields of work. 

S. The dignity and worth of the Individual, as 
a responsible member of society, is a fundamen* 
tal premise of a modem democracy, in a 
democracy, the society Is organized to reflect 
the popular wM through majority rule. In a 
modem constitutional democracy, however, the 
rights of individuals and minority groups must al- 
ways be respected within a framewori< of con- 
cern for the common good, as expressed by 
majoritiee. The sodal uses of sclence/technology 
In a democratic society must therefore reflect 
majority nJe with protection of minority nghts 
and the dignity and worth of Individuals. CMc 
decision making about sdence/technology-re- 
lated socW Issues shouW combine concern for 
IndMduais and their communities. The declston 
makers shouW always ask: How wM my chotee 
affect both me and others with whom I live? 
What wM the consequences be for IndMduais 
and their society? How can the needs of the In- 
dMdual be combined with the needs of the 
society? The best civte decisk>ns balance con- 
cerns for the IndlvMuai and the common good. 
While the wRI of the majority shouM prevaH, that 
wHI. to be rightful and moral. shouM never abuse 
the dignity and worth of IndMduais. 

QuMelinee for Education on Valuee and 
Attttudee m SIS 

Following are guMellnes for curriculum 
developers and teachers of courses or units of 
studv on STS. These guMeilnes reflect the fun- 
dam«»>.tal Importance of values and attitudes 
about science and democracy In the framewori( 
for curri:ulum reform. 

1. Foster appreclatkxi of science/technology 
as worthwhile human endeavors. 

2. Develop understanding of and Intelligent 
commitment to values, attitudes, and assump- 
tions associated with products, processes, and 
persons of science-*the knowledge produced by 
scientists, the methods used by scientists, and 
the Indivkiuals engaged In scientific inquiry. 

3. Develop understanding of and Intelligent 
commitment to values, attitudes, and assump- 



ttons of a democnsitte or free society, which are 
compatible with the premises and precepts un- 
derglrdlng scientific Inquiry. 

4. Emphasize the critical Importance of ethi- 
cal questtons about the limits and possibilities of 
science/technology In society. 

5. Develop commitment to rational consklera- 
tlon-ln twis of democratic values-of Issues 
about applteattons of science and technology In 
society. Teachers shoukJ not lose sight of the 
perennial questk>n: 'To what end?" 

6. Teach values and attitudes of science and 
democracy In comblnatk)n with knowledge and 
cognitive process sklls that are central to studies 
of science/technology/society; these connections 
are likely to contribute slgnmcakiUy to students' 
comprehensk>n of core values and their abHIty to 
apply them to analyses and appraisals of Meas. 

Notes 

1. See the following sources for a dlscussk)n 
of sclentlfk: Meas. parttoulariy from the Age of En- 
lightenment, and their Influence on American 
society: Gan^ Wlls, Inventing America: Jeffer- 
$on*s Declaration of Independence (New yori<: 
Vintage, 1978); Henry Steele Commager, The em- 
pire of Reason (New Yori<: Oxford, 1977). 

2. Max Lemer, America as a Civilization 
(New Yoric Simon and Schuster. 1957). p. 209. 

3. Many of the values of science pertain to 
Its limitations. Science deals only with objects 
and phenomena subject to observatkxi, whether 
by direct (human senses) or Indirect (tods, Instm- 
ments, measuring devices. calculatk)n. etc.) 
means. Therefore, values typlcally associated 
with spirituality (talth. belief, awe, and so on) and 
with human reiatk)nshlps (love, compasston, 
courtesy, and so on) must by deflnltbn He out- 
skJe the realm of science. See the following sour- 
ces for dlscusskxi of the values and llmKattons of 
science: Cart G. Hempel, Pfiilosopfry of Natural 
Science (Englewood Olffs, NJ: Prentlce-Hall, 
1966); John G. Kemeny, A Philosopt^er Looks at 
Science (Princeton, NJ: D. Van Nostrand, 1959). 

4. See the following sources for discusston 
of civic values in a democracy: DonakI W. Oliver 
and James P. Shaver, Teaching Public Issues in 
the High School (Boston: Houghton Mifflin, 
1966): R. Freeman Butts, The Revival of Civic 
Learning (Bloomlngton, IN: Phi Delta Kappa, 
1980). 
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5. ALTERNATIVES FOR THE DESIGN OF STS CURRICULA 



Previous chapters have arcuod the Impor- 
tance of education about STS for young people 
soon to achieve the status of adult voters In a 
complex society, where many Issues of public 
policy arise from science and technology. 
Educators who are convinced that such Instruc- 
tion Is needed WW. nevertheless. And themselves 
faced with the task of tuming phlosophy into 
practice. Support for the goals of STS will not suf- 
fice. What lies beyond general support are 
specific questions of learning objectives, subject 
matter, staff development, student assessment, 
program evaluation, dissemination, and Im- 
plementation of a K-12 curriculum. 

Identifying the Optiont 

Uke a homeowner pondering a comfortable 
but aging house, teachers and curriculum desig- 
ners face deciskNis Involving estimated Invest- 
ments and (projected returns. Consider the paral- 
lels. The househoWer owns a buMIng that has 
some value, but that value can Increase dramati- 
cally with wise Improvements. Teachers and cur- 
riculum specWIsts possess a sequence of 
course woric and content that-wWIe supported 
through many years of practtoe and flnnly Im- 
planted by tradltton~may faN short In meeting the 
needs of today's students and of the time and 
society In whtoh students live now and wlH live In 
the future. Here, too. Investments must be made 
and risks taken, and variable returns on different 
Investments and risks may be expected. 

Homeowners and educators have at least 
three optk>ns. The homeowner may choose 
redecoratton. A fresh coat of paint, colorful cur- 
tains, parquet flooring-these and other amenities 
may enhance the appearance of a house In 
profitable ways. When redecorating, no modlflca- 
ttons of stnjcture are necessary. Instead, the 
visible aspects of the home are brightened. The 
parallel oplk)n for educators is the optton often 
described as hifuston. That Is, the stmcture. 
goals, and content of an existing course remain 
Intact. Infuskxi kivoives introducing concerns 
about technology and society whenever related 
toptes arise In the sequence of "regular" course 
content. For example, AIDS may be menttoned 
when the students study vimses. or nuclear 
power nr>ay be discussed when the text treats 
energy use at various stages of Industrial 
development. The advantages and disad- 
vantages of this optton are evWent. Changes can 
be made at low cost and with marginal risk, 



provWIng moderate advances. Conversely, there 
Is the problem of making minor changes when 
major ones are needed; prolonging the Inevitable 
major change can subsequently have costly con- 
sequences. 

The second alternative for the homeowner 
may be tern>ed refurbishing. In whteh some struc- 
tural wori( Is undertaken or added but the basic 
design of the buMIng remains unchanged. The 
refurt)lshlng homeowner may buHd a new porch, 
add a bedroom, or convert a garage Into a fami- 
ly room. The house Increases In value because It 
performs functk>ns that It couW not before: It 
mav be bigger, enclosing more space used 
productively. The danger Is that the add-on may 
be Incompatlble In style or functton with the 
primary structure. Educators encounter a slmHar 
optkxi when they adopt, adapt, or create units or 
nxxJules for Incorporatton Into an existing 
course. Something must be removed In order to 
free time for the nxxlule. but once again the 
structure of the course-whHe expanded-remalns 
essentially unchanged. Modules or units typteally 
treat one Issue of science, technology, and 
society, such as air quality or energy shortages. 
Upon completing the unit, students return to the 
tradlttonal course of study. One must ask about 
the long-term plan for change In the house or 
cunlculum. Is there a long-tenn strategy for 
change? If not, one shouW be developed. If 
there Is a plan, how Is It compatible with the 
school, students, and fiscal llmltatk>ns? 

The third chotee Is the most drastte. expen- 
sive, risky, and time-consuming, both for the 
homeowner and for the cunlculum designer. It 
also provkJes the possibility for greatest gain. 
This Is the optton of rebuikJIng. The oW house 
may be torn down and some of Its component 
materials used to buHd a new house-designed to 
meet the owner's needs and wishes for both 
fomi and functton. The analog of rebuikJIng for 
the cunlculum planner Is creating a totally new 
course designed specifically to attain unique ob- 
jectives, while boasting the best content from 
both the oto and the new. Perhaps established 
courses are abandoned, as content from all the 
natural sciences Is woven together with 
knowledge from the social sciences and the 
humanities to create a truly Integrated learning 
experience. Alternatively, such oW standbys as 
biology, chemistry, phystes, history, and govern- 
ment can be left as Is for those who want them, 
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whit a rwH STS coutm Is offered either as a re- 
quirement or an elective. Of course, this cur- 
riculum option carries the risks associated with 
buMIng a new house with an Innovative design. 
One can expect difficulties In achieving a satisfac- 
tory design, cost overruns, constmctkxi delays, 
and other problems. 

In theory and In practice, these options are 
not mutually exclusive. A little redecorating along 
with some refurt)istilng may offer promise of a 
higher rate of return than either option alone. Or, 
it may t>e prudent to refurt)ish tNs year with an 
eye toward a major rebuMIng project later. In 
any case, the decMon must rest upon a thought- 
ful assessment of the cost of the Investment, the 
risks, and the expected return. 

Aeeeeeing the Opiiona 

For the curriculum planner. Investment costs 
favor Infuskxi. with add-ons constituting a 
nxxlerate Investment and a new course costing 
the most In both human and material terms. In- 
fusk)n Is likely to require the least time. risk. 
nfKx>ey, and human resources. Human resources 
Include the time, knowtodge. and hard work of 
teachers and. to a lesser degree, administrators. 
Resources for ImplementatkHi Include such fac- 
tors as staff development of teachers, duplteatbn 
or purchase of learning materials, and hlr^ con- 
sultants for training and assessment tasks. 

ObvkHisly. more resources are required for 
the implementatkm of an entirely new course 
than for either adding a unit/module or Infusing 
some new material Into an established course. 
The same hokJs true for the resources needed to 
evaluate both the efficacy of the program and 
the perfonnance of the students. Most diffteult 
also for developing a new course Is the effort In 
translating theory Into practk:e. Even teachers 
who eagerly embrace the phlosophy and goals 
of STS Instoictton may fM themselves using 
habitual nxxJes of operatkxi when they attempt 
to design units or teach new lessons. 

When devek)pers, cunlculum writers, ad- 
ministrators, teachers, and parents have diverse 
opinkxi about a new hiterdisclpllnary course, 
achieving consensus may be difficult. The poten- 
tial for confltet Is directly proportk>nal to the mag- 
nitude of the change. The greater the deviatton 
from the status quo. the higher the probabHIty of 
objectkxis. critteisms, and resistance. Infusion Is 
the least likely to engender confltet, whHe a new 
Interdisciplinary course Is very likely to cause dis- 
sensk^n. 



Finally. v^Re it may ba relatively easy for 
teachers to agree upon promising toptes for In- 
fusion Into courses, it Is more diffteult to reach 
consensus on goals, content, and pedagogy of a 
totally new course. Teachers who wouW create 
an Interdisciplinary STS course face complex 
and unresolved conceptual problems. Hazel 
Hertzberg has documented the troubled efforts 
of social studies educators to create Interdiscipli- 
nary courses based on social issues. She con- 
cluded: The conceptual problem of combining 
subjects within the social studies had always 
been a fonnUable one that remained largely un- 
resolved . . . When to the usual problems of 
fusing the social studies were added subjects 
not so obvkxjsly related (sciences), the difficul- 
ties became even more fonnklable."^ 

Hertzberg and others have observed that 
there is no theory of knowledge that incorporates 
the sciences and the social studies.^ There Is no 
accepted framework for a comprehensive cur- 
riculum that incorporates the sciences, social 
sciences, and humanities. Qlven these concep- 
tual llmltatk>ns. curriculum refooners should 
proceed cautkxjsly-wlth respect for the challen- 
ges and risks-in their attenipts to integrate the 
sciences and socM studies in new STS courses. 
We suggest one way to approach the develop- 
ment of a new curriculum that avoMs the discipli- 
nary Issue: begin the development by centeing 
on such problems as hazardous substances, 
water resources, air quality, or populatk)n 
growth. Regardless of who klentlfles the 
proWenrw (i.e., students, teachers, cunlculum 
developers), the problems usually integrate dis- 
ciplines in the search for understanding and solu- 
tk>ns. 

What are the relative returns on Investments 
and risks of optk)ns in cunlculum refomi? Great 
returns might be achieved from a successfully 
designed Interdlsciplkiary course on STS. 
However, the risks and efforts associated with 
this apixoach to curriculum reform are large, in 
additk>n to the conceptual challenges discussed 
above, there are diffteultles in achieving im- 
mediate and highly visible results or sustaining 
impact over time. DIffteultles in achieving im- 
mediate and visible results are a functkni of the 
consMerable amount of tinr)e (perhaps one to five 
years) required to prepare a new course for even 
pHot testing In the classroom. Oiffteulties in sus- 
taining positive achievements result from the 
educational system, as evMenced by the tenden- 
cy of educators to gradually revert to traditional 
pattems after trying new approaches-even when 
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those new approaches were highly successful. A 
well-krwwn example is the steady dedlne in the 
number of schools using the NSF-supported cur- 
rteular programs of the 1960s, despite the impres- 
sive weight of research evidence showing 
dramatic and substantial Increases in students' 
mastery of subject matter, competency in 
problem solving, and positive attitudes toward 
science. 

What about new goals for science education 
proposed by current cunlculum reforms? State- 
ments of goals for science education, sum- 
marized by the Project Synthesis teams,^ sug- 
gested that four goals are possible for science 
programs: (1) acadefhlc knowledge-the transmis- 
sion of selected facts, concepts, and principles 
from the major scientific subdisclpllnes such as 
biology or earth science: (2) personal goals-the 
efKouragenwit of knowledge, skMs. and at- 
titudes that students may use to achieve ends of 
Importance to the Individual, such as promoting 
good health; (3) social goels~the fostering of 
knowledge, Insighto, and competencies that In- 
dMduala need to perttelpate fuMy In the resolu- 
tton of societal problems (e.g., toxte waste dump- 
ing, nuclear arms control, or ethical diemmas as- 
sociated with the In utoro diagnosis of genette 
disorders); and (4) career goals-the promotkjn 
of knowledge, attitudes, and skMs needed to ex- 
plore various career optksns (Including leisure 
time activities) and to functkxi well in an ap- 
propriate and satisfying wori< role. The goals out- 
lined by Project Synthesis do not Include 
developing facility with the processes of science, 
one of the long-standing goals of science educa- 
tion, whteh shouM be Included in any STS 
program. Project Synthesis dkJ complete a 
separate report on Inquiry. 

The Project Synthesis report crtttelzed 
science Instructkin In the United States for em- 
phasizing the first goai-academk: knowledge-to 
the exduskm of the other three-the personal, so- 
cial, and career goals that make science mean- 
Inghjl to young people. A simlar crttteism of the 
social studies curriculum was made by Project 
SPAN.* SpedaHy designed STS courses aie 
more likely than either Infusion or add-on efforts 
to address personal, socW, and career goals. 
That assertion assumes the course Is designed 
purposely and expiteWy to achieve those ends. If 
it Is not~lf. as too often happens. It becomes 
nothing more than e collection of facts about 
STS topics rather than a delving Into STS issues- 
then the STS course, like Its predecessors In biol- 
ogy, chemistry, earth science, physics, history, 



or government, can rate low on relevance and 
high on the transmlssk)n of knowledge. The in- 
fusion optton retains a strong orientatkjn toward 
communkatton of factual knowledge because, 
presumably, the course into whteh new material 
is being Inserted is directed toward the goal of 
academic knowledge. 

Crittes of STS warn that new interdisciplinary 
STS courses will remove rigor and substance 
from the science and social studies student's ex- 
perience. This crttteism poses a challenge to ad- 
vocates of Interdisciplinary courses to 
demonstrate that students will neither learn less 
science nor less social studies. Proponents of in- 
terdisciplinary courses contend that facts are as 
plentiful as they are in the typical text-dominated 
course in btology or chemistry, history or govern- 
ment. The difference, they argue, is simply one 
of context. Students learn facts, concepts, and 
principles within the framewori< of a real-worid 
contemporary, multifaceted problem, sltuatksn. or 
issue.' 

Finally, new courses In STS are consistent 
with the development of STS Interacttons dis- 
cussed In Chapter 2. The interdisciplinary STS 
course can be systematteaily designed to 
achieve those precise purposes. There are no 
competing priorities left from an existing course 
wKh Its established nomis. 

Thus, tlie chotee of how to approach new 
STS programs in a school, a district, or a state is 
similar to any other business declston. The 
homeowner, a rattenal Investor, knows that large, 
risky investments-whie dangerous and dlfflcult-- 
nevertheless offer the highest rate of return. If 
new problems In design and Implementation are 
overcome. For the cauttous. low profits are an ac- 
ceptabie compromise, given the relative ease 
and safety of low-cost, low-risk Investing. From 
this vantage point. It Is easy to see why many 
educators opt for infuskjn of STS content and 
leaming activities Into standanj secondary 
school courses In the sciences and social 
studies. The Investment of time, money, and 
human capital required to create, establish, and 
sustain a new course may seem too high a price. 
Furthermore, low-risk gains or losses seem 
preferable to the risk of complete faNure. 

Whteh option Is best? It is impossible to say 
which of these options is best for indlvkJual 
teachers, school districts, or states. All three ap- 
proaches have merit, it Is even possible that 
some sensitive blending of ail three can ac- 
complish more in the long run than any single ap- 
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proech undertaken alone, no matter how well lifi- 
piemented. For example, infusion may represent 
a more feasible and deslrat)le alternative for 
elementary students and teachers, whHe new 
courses may t)etter satisfy concerns at the secon- 
dary level. Another alternative Is to rnfuse STS 
content and learning activities into standard 
secondary school courses In the sciences and 
social studies. In addition, a separate, interdis- 
ciplinary course on STS may be offered as an 
elective. The key to strategic planning for cur- 
ricular improvement over a three* to five-year 
period Is to determine acceptat)le and 
reasonat)le levels of investment t)alanced against 
risks and probable rates of return. 
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6. STS IN SECONDARY SCHOOL SCIENCE 



Incorporating STS topics and themes Into an 
existing course Is the method of choice for many 
schools and school districts. As detailed In Chap- 
ter 5. "redecorating" or "refurbishing" courses of- 
fers a number of advantages, not the least of 
which Is ease of development and Implementa- 
tioii. Teachers and administrators alike are more 
comfortable with shifting the emphasis In an exist- 
ing course than with creating a new course. Ot>- 
viously, these options are not mutually exclusive 
and both actions may be pursued simultaneously. 

Despite the relative ease of the redecorating 
and refurbishing options, difficult questions stHI 
need to be answered. Perhaps the mosX frequent- 
ly asked questfcx) Is: "What do I leave out?" 
Teachers often feel pressure to cover a lengthy 
textbook, whtoh, presumably, represents at least 
one author's judgment of what is important to 
know In one of the science disciplines. Teachers 
wtio perceive the curriculum as already over- 
crowded may hesitate at Incorporating stNl more 
new material Into a desperately short semester 
or school year. 

Unfortunately, there Is no easy answer to this 
comnfKXi questkxi. While It Is true that time Is a 
limiting factor, It may also be tnM that a change 
In emphasis does not necessarily doom students 
from the mastery of content. In truth, they may 
master more Ideas, because STS provides a 
relevant perspective that gives facts pattern, 
meaning, and purpose. Every teacher knows that 
facts taught In isolatkHi from students' life ex- 
perience are qutekly forgotten. The STS perspec- 
tive Is drawn from life and-K carefuHy talored to 
the experiences and needs of leamers-can do a 
great deal to make subject matter meaningful 
and memorable. Thus, while some material may 
of necessity be left out, students may leam more 
about the toptes they do consider In their course 
work and may even leam more on a wMer 
variety of topics, since STS problems and Issues 
are broadly applk:able. 

Guidelines for Infusing STS into Secondary 
Science Courses 

Some content or activities must be omitted 
to allow time for developing STS kJeas and 
themes. How much, and what, wHI be left out 
must be determined by teachers and curriculum 
developers working cooperatively to create a 
course description that teachers find acceptable, 
students find engaging, and parents find produc- 



tive. By answering the following questions, 
declston makers should develop a defensible 
strategy for Incorporating STS topics Into 
science courses: 

1. Is the material directly applicable to the 
lives of our learners now (not just In the future 
and not just In other classes they may take some- 
day)? This Is a hard criterion to meet. Too often, 
teachers answer students who ask "Why do I 
have to leam this?" with "You'll thank me some- 
day,' or "Walt until you get to college." Such 
responses are Insuffteient. Students should gain 
knowledge that they can use In the process of 
living, apart from the process of schooling. 
Vague responses such as "It Is fun to know" or "It 
might Interest them In a hobby" lack suffteient jus- 
tifteatkKi for cuniculum deciskxi making. 

2. Is the material consistent wKh the cogni- 
tive deveiopnoent and social maturity of the stu- 
dents? Introducing the structure of ONA In the 
seventh grade Is probably inappropriate for most 
12- to 13-year-olds, whose patterns of reasoning 
Piaget called concrete operatkxial. Students of 
this age are stM growing cognltlvely; they need 
hands-on experience with objects and 
phenomena that they can see, hear, taste, touch, 
and smell. Abstractions such as nK)lecules, 
electrons, and double heltees mean little to an 
adoiescem, who may be sawy enough to parot 
the words but lack the Intellectual schema 
needed to give them substance. Even In high 
school, the majority of students are best served 
by linking abstract, theoretk^al materia! with con- 
crete experience. Thus, the curriculum can be 
trimmed In areas where experience Is Inacces- 
sible and concepts too abstract for young 
learners. 

Social maturity Is an equally Important con- 
skleratlon. The controversy over Surgeon 
General Koop's advice to teach third-graders 
about AIDS Is a case In point. Young children 
may be able to link Infomiatlon about AIDS to 
their emerging conception of disease In general, 
but It Is unlikely that they are ready to under- 
stand the concept of risk factors associated with 
Intravenous drug use and homosexuality. 

3. Is the topte Important In the worid today 
and Is It likely to remain Important for a sig- 
nificant portion of the students' adult lifetimes? 
Some topics deserve detaMed conskleratlon be- 
cause they are Issues Important to humankind as 
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the 20th century draws to a dose. Radiation biol- 
ogy Is a good axampla. Students who wW grow 
up to deal with such Issues as nuclear amis 
limitation, underground weapons testing, the dis- 
posal of nudear wastes, and SDl (Star Wars), 
need some knowledge o? the effects of radiation 
on plant and animal life In order to evaluate politi- 
cal options realistically. Furthennore, some 
knowledge of how plants grow, how food Is 
produced, and how food webs operate Is fun- 
damental to citizens' assessment of the "nudear 
winter' scenario. 

4. Can students apply the knowledge In con- 
texts other than science? This criterion fits the 
sklls dimenston of science instruction. Students 
can learn to ask researchable questions, fomriu- 
late hypotheses, design and carry out experi- 
ments to obtain reliable answers. They can leam 
the fundamentals of observatkxi and accurate 
measurement. They can sharpen their logic by 
learning to draw defensible Inferences from data. 
They can become analysts of rtietoric by learn- 
ing to differentiate fact from oplnton. AH these 
skills wM sen^e students weN-wfiether they are at- 
tending a pdltteal raHy, repairing a car, or choos- 
ing a breakfast cereal. 

5. Is it a topk: for whteh students show an in- 
terest and enthusiasm? This Is a practical 
criterion: it Is hard to teach boring material. 
Motivatton Is the first step toward teaming, and 
students express unprompted Interest In many 
areas associated with STS. The curriculum 
shoukJ use those Interests to buld an under- 
starxllng of fundamental concepts, processes, 
and skills In science. 

Application of QuMellnes to Secondary 
Sclance Couraee 

If the five criteria listed in the previous sec- 
tton are stringently applied, teachers and cur- 
riculum planners may find many of the "sacred 
cows ' of science courses toppling. If topk:s can- 
not remain simply because they are favorites, or 
because they are "basic" to a discipline, or be- 
cause that s the way things have always been 
done, then we suddenly And more room In the 
curriculum than imagined. 

Suppose we do not teach mitosis and 
meiosis as ends in themselves, but subsume a 
general dlscussk>n of tne phenomena wtthln our 
studies of reproductkm and genetk:s? Suppose 
we do not spend several weeks leamlng to 
balance chemical equatbns, but instead examine 
only a few equations to see what they tell us 



about air or water pollution? What we have done, 
In those cases, is shift the emphasis of a tradi- 
tional bidogy or chemistry course away from the 
discipline for its own sake toward the elements 
of the discipline that can be used In the IK/es of 
leamers. A tall order, perhaps, but undeniably 
worthwhile. 

The first step, then, Is to apply the criteria to 
decide what to retain and what to omit. The next 
step Is to determine how each of the three 
perspectives-science, technology, and society- 
can be developed within the topics selected. 

The science part of the triad Is best 
developed by consMering how the knowledge Is 
(or was) constructed. Strangely, thio Is the dimen- 
sion most often at)sent from science textbooks. 
The books tell us sclentiflc knowledge, but too 
sekjom do the bookn teR how and why scientists 
came to know what they know. What is the 
evkience? How complete Is K? What kinds of ex- 
perinrnrts were done In the past or are being 
done today? What are the best alternative 
hypotheses? What evidence has led to the rejec- 
tion of some of these alternatives? 

Those who wish to bring an STS perspective 
to their science courses need to develop ways to 
deepen students' understanding of the proces- 
ses of scientlfk) inquiry. We know that knowledge 
will change In the future and that the change will 
be dramatte. Tmths generally accepted today will 
be discarded tomorow in the light of new data. 
A body of knowledge mastered now will probab- 
ly prove obsdete In a few years, bLi a mastery 
of the process of science as Inquiry will serve stu- 
dents well throughout their llfettmes. 

Next, the dlmensk>n of techndogy can be 
developed within each topte. This Is done rather 
simply by asking how the knowledge generated 
by science can be or is used and applied In prac- 
tical matters of everyday life. Students need not 
leam in detail how refrigerators and television 
sets work. But they should gain enough 
knowledge of these devtees to see how basic 
principles of chemistry and physics can be 
tumed to practical ends. In fact, some courses 
may be enriched and enlivened by conskjering 
the practtoal applteatk)ns to techndogy first and 
then examining the underiying principles of 
science. 

Finally, concepts relative to socle^ can be 
developed by considering why the knowledge of 
science and the applications of techndogy are 
Important to people We have knowledge and we 
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use It. but what difference does that make to 
people? This dimension of STS courses 
demands some exploration of political science, 
psychology, economics, soctology. and probably 
history. Science teachers may seek help with 
these matters from their colleagues In the social 
studies. 

Once topics have been selected and ways of 
developing the dimensions of science, technol- 
ogy, and society have been identified, the final 
decision has to do with prefen^ed Instructtonal 
methods. Perhaps the simplest solution is to 
present more Infonnatlon In the lecture-discus- 
sion mode. This approach has the advantage of 
being quick, controllable, and easly tested, but 
may not be consistent with the STS perspective. 
Planning ways of provWIng students with direct 
experience with a topte (e.g.. a fieM trip to a 
water treatment plant or a laboratory exercise on 
eutrophteatk)n) is preferable. Even more appeal- 
ing may be situatkm that reqidre students to 
use their investigative skMs to collect data and 
then to apply their interpretive skWs to problems 
of personal and/or societal deciston-maklng. The 
last category includes such learning strategies as 
debates, independent projects, small-group dls- 
cusstons. simulations, sun^eys. inten^lews. dass 
presentattons. and written reports, in any event, 
a mtx of Instmcttonal strategies throughout the 
school year minimizes boredom and keeps the 
pace lively. 

This, then, is the three-step process: select 
content, develop the STS dlmensk>ns. and kJen- 
tlfy Instmcttonal strategies. Some educators will 
note that no mentton has been made of objec- 
tives, isn't that, after all. the place to begin? Yes 
and no. First, the general objectives of the 
course are Impltoit In the five criteria for selection 
of content. Our goal Is to create a science 
course that Is applicable to the students' present 
lives. Important to society's future, and attractive 
to students' own Interests. Spedfte objectives will 
be derived from the content selected to meet 
these criteria. RnaHy. objectives are embedded 
In methodologies, if we want our students to be- 
come good declston makers, we are likely to 
give them opportunities to develop and practice 
their declston-making sklls. 

Many of the objectives typtoally associated 
with units of study In tradittonai science courses 
meet these tests and may actually be developed 
more fully within an STS perspectK^e. The ex- 
amples described In the following sections may Il- 
lustrate this point. 



STS In Earth Science 

Study of the oceans and seawater Is likely to 
survive the scrutiny denianded by our five 
criteria. Students who live near the ocean have 
an opportunity to apply their knowledge of sea- 
water In both wori< and recreation. Land-bound 
learners may have experienced the ocean only 
on vacattons. If then-so their opportunities for Im- 
mediate applteatton of knowledge may be less. 
Whether this llmKatton Is too severe to Include 
this topte depends on circumstances and judg- 
ments of teachers and cunlculum planners. 
Nevertheless, the topte hoWs up well according 
to our other criteria, it is a topte that students 
shoukJ be able to understand In high school. It Is 
quite Important to the wortd today and likely to 
remain so in the hjture. Learning about scientific 
Inquiries Into the topte shouW provide students 
with sklls they can apply in other contexts. Final- 
ly, many students seem interested In the ocean-- 
especially In Its plant and animal life and In pos- 
slMlties for future technologies, such as fanning 
the oceans. 

The text Modem Earth Science^ has five ob- 
jectives In a chapter on sea-water: 

• Describe the phystea! properties of 
seawater. 

• Describe several conditions that change 
these properties. 

• Describe the chemical properties of 
seawater. 

• Explain how tN» salt content and dis- 
solved gases !ri seawater affect sea life 

• Explain how the sea can be a valuable 
resource. 

These objectives fan to do justtee to a chap- 
ter that Is rich in potential for development of 
STS themes. In fact, the chapter Introduces the 
technology and society dlmenstons. although it 
does not fully develop them. For example, the 
chapter describes technologteal means of obtain- 
ing freshwater, minerals, and food from the sea. 
Methods of mining nodules from the sea are 
described and Illustrated graphically. Desallnlza- 
tlon Is described as too expensive to be feasible 
unless cheaper ways of using solar or nuclear 
energy are developed. Some Intriguing pos- 
sibilities for aquaculture are explained, and an 
aquatte fann where trout are ralseJ for ^ood is 
pictured. This material can easily provide the 
core of the technology dimension of the study of 
seawater. Teachers could Introduce contem- 
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porary readings on these topics or Invite stu- 
dents to research these options and present their 
findings to other students. Videotapes, slide sets, 
and Wmstrips avalalrie on these topics can do 
much to talce students to places they cannot 
visit. Finally, students nilght be engaged In a 
debate over some hypothetical policy Issue-for 
example^ a bH! before the U.S. Congress to In- 
vest 100 billion dollars In research and develop- 
ment of various schemes for fanning the oceans. 

The chapter from Modem Earth Sc/ence has 
also done a creditable job of addressing the 
question of why the oceans are important to 
society (l.e., the societal dimension). The chapter 
looks at why some materials (e.g., DDT. lead, 
radioactivity) are present in seawater as a result 
of human activities. UntI recently, people were 
able to safely use the oceans as a dump. Wastes 
could be made hannless by being diuted or 
destroyed In seawater, but growth of population 
and Increase In Industry have seriously changed 
the situation. The abllty of the oceans to absorb 
wastes is far less than the ever-Increasing 
amounts that are discharged all over the world. 
Coastal waters are particularly In danger, but pol- 
lutants can be found everywhere In the sea. 

A great profit In leaming could be retumed 
from only a small Investment of class time on 
these topics Students could be engaged In dis- 
cussion of the significance of these topics. Why 
Is It important that lead and DDT have been 
found in the oceans? How Is it that materials not 
directly dumped Into the oceans end up there 
anyway? Is the problem technology, population 
growth, or both? What might be done to clean 
the oceans? Is It even Important to do so at this 
time? 

Answers to these questions rest In some ^ i- 
damental considerations of the science Involved- 
curiousiy. the dimension this chapter treats least 
well. Teachers and students must examine per- 
tinent research studies to find how investl(^tions 
of the ocean's properties are undertaken, what 
data are derived, and the dlfKcultles of interpret- 
ing such data for local or worfcJwkJe deciston 
making. This chapter abounds wHh the con- 
clusions derived from sclentlfk: lnyestigatk}n: that 
cNoride bns are 55.04 percent of the total dis- 
solved solMs by weight In seawater; that surface 
temperatures around 30^ C are not unusual In 
tropteal waters; that various colors of the visible 
spectrum are absorbed at different depths In the 
ocean. The chapter even tells that the total 
amount of solar heat falling on the surface of the 



sea Is much greater at the equator than at the 
poles. In no Instance, however, does the chapter 
provkle any Insight Into how scientists have 
come to believe those things to be true. Obvkxis- 
ly, high school earth science students need not 
be burdened day after day with the technk^lltles 
of sophisticated methodologies, but they should, 
if they are to understand science as a human en- 
deavor, be confronted with the Important scien- 
tific questton: "How do I (we) (they) krK)w7" Delv- 
ing Into methods and evMence can help students 
master some Investigative skills they can apply In 
other areas of leaming and living. It Is probably 
not necessary that students examine the primary 
data of original research reports for every topic 
they study, but It Is Imperative that they do so at 
some time during the school year. 

Some laboratory activities suggested with 
the text chapter might be skipped In other cour- 
ses, but acquire new signlfteance from an STS 
perspective. It wouM. therefore, be 'mportant to 
a!low time for students to measure and compare 
temperatures In equal volumes of fresh- and 
seawater exposed to light, to construct a 
temperature profle of a room from door to ceil- 
ing and compare It with the proWe of the open 
ocean, and to use a homemade hydrometer to In- 
vestigate differences In the density of various 
solutk>ns. 

STS In Ufa Science 

Toptos of respiratk)n and waste regulation 
are typteally addressed In life science courses, 
aiid they are likely to find a place In a course 
taught from an STS perspective as well. Respira- 
tion and waste regulation meet the five criteria 
for content selectk^n quKe well. The toptes are Im- 
portant to young people, especially In terms of 
health t^xl physical fitness. The toptos can be 
readly understood by most students of mMdle 
or hljgh school age. They are Important to 
society as new advances In t)k)medlclne raise Is- 
sues of the ethtos of artlflcial organs, organ 
transplants, life-prolonging respirators, and so 
on. ObvkHJSiy. students can apply their 
knowledge of these toptes to personal decisions 
about exercise. nutritk)n, and use of the health 
care system. Finally, the topte stands a chance 
of being reasonably Interesting to students, as 
most prefer human studies to studies of other or- 
ganisms. 

Holt Life Science divides Its chapter titled 
"Respiration and Waste Regulation" into three 
sections: one on gas exchange, a second on the 
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•xcrstory system, and a third on the liver. The ob- 
jectlvM art: 

Section Qnar 

• identify the human respiratory organs and 
give their lunctlons. 

• Explain the process of breathing in 
humans. 

• Measure your breathing capacity. 
Section Two 

• Identify some metabolic wastes and ex- 
plain the Importance of excretion. 

• Explain the structure and functions of the 
human urinary system. 

• Ust the functions of the skin and explain 
how wastes are excreted by the skin. 

• Examine the skin and Its excretory func- 
tions. 

Section Thi^- 

• Ust the many functk}ns of the liver. 

• Explain why urea formation Is an Impor- 
tant function of the liver. 

• Describe how the liver regulates the Wood 
sugar level. 

• Outline how the Wood sugar level Is reau- 
iated. ^ 

This modest list of objectives misrepresents 
a unit of instruction rich in possibilities for 
development from the STS perspective. The 
question "What is the evidence?" is no better 
developed in this chapter than It was In the earth 
science selection, but the opportunities are there 
to explore scientific research dose to the cutting 
edge of contempomry Momedicine. For ex- 
ample, the chapter mentions emphysema as a 
"common disease among smokers and people 
who breathe 'dirty' air." But It makes no mention 
of the many years of epMemiotogteal studies that 
linked smoking not only to emphysema but also 
to lung cancer and heart disease. Even middle 
scliool students are capaWe of appreciating the 
llmltatkjns of sclentlfk: investlgatkxis In cases 
where single^ctor, contrdied experiments can- 
not be conducted. (Ultimate answers might be 
obtained by randomly dividing persons Into two 
groups at birth and controliing all aspects of their 
environment through okJ age-one group forced 
to be smokers, the other group forced to 



abstain. The absurdity of this kind of science 
shouW be obvtous.) More subtle are the ways 
scientists use to discern subtle trends among 
multivariate populations, seeking causality by 
posslWe association (correlation) alone. 

Other opportunities to expand the science 
dlmensk)n of this chapter are Inherent In the sug- 
gested laboratory activities. By measuring their 
vital capacity, students can Improve their skHls of 
measurement and calculation. By noting the 
evaporatton rates of water and alcohol rubbed 
on human skin, students can relate a simple 
physteai phenomenon to the more complex func- 
tion of cooling the body. 

The chapter makes some mention of technol- 
ogr, gh/en the rapWity of change In this field. It Is 
likely that reports from cunwt newspapers and 
magazines can be used to enrteh the instruction. 
The chapter discusses kkJney machines and kW- 
ney transplants and makes passing reference to 
diabetes and low Wood sugar. Students have like- 
\)f heard discussk>ns of these topics at home or 
elsewhere and may be eager to delve into these 
toptes more fuHy. 

From these beginnings. It Is an easy next 
step to consMeratton of the societal dimension. 
SmaM-group wori<. library research, debates, and 
brainstorming sesskms may be used to move 
beyond these specific technologies to analysis of 
the social, ethk»l, and legal aspects of other "ex- 
traordinary" medical technologies. 

STS in Physical Science 

Holt's Modem Physlcat Science devotes an 
entire chapter to engines. This is unusual, as 
most physteai science texts only have brief men- 
tion of engines embedded In a theoretteai dlscus- 
ston of the laws of mass, energy, and motion. 
The existence of this chapter implies the authors' 
possiWe intent to use a technologteai topic as a 
means of conveying not only Important physical 
laws, but their practical Importance as weii. The 
objectives of the chapter hint at th.s purpose: 

Describe the effects of engines on the world. 

• Distinguish between rotary and reciprocal 
engines. 

• Distinguish between Internal and external 
combustion engines. 

• Compare the four-stroke engine with the 
diesei. 

• Describe how jet and rocket engines work. 
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Tht wtij/Ki of engines nicely meets the five 
criteria for selection of content There are many 
direct, Immediate, and everyday applications of a 
knoMledge of engines. Teenage fascination vyith 
cars suggests that the topic Is of some Interest. 
The topic Is cunwTtly very Important to the world 
of manufacturing, transportation, and commerce; 
it Is certain to remain so Into the future. Middle 
and high school students are certainly capatsle of 
understanding what engines are and how they 
worl(. Students can, from th^r study of engines, 
gain Important 9k»s of prolsiem-soiving that they 
can apply outside their fonnai science courses. 

This chapter Is written almost entirely from 
the technologicai perspective. The questions of 
"What Is it?" and "How does It woric?" are en- 
countered throughout the chapter. For example, 
the text discuses why turt)lnes are nrxKe effi- 
cient than reciprocating engines, why dieseis are 
nKxe efficient than gMOline engines, and how 
solid fuels are used to power rockets. The chap- 
ter even concludes wKh an essay on careers, 
titled "Jobs in Mechanics and Repair," an option 
that may appeal to many students. 

This chapter provkies the context for 
developing numerous physk^l principles. The 
law that every action has an equal and opposite 
reactk)n may seem abstract and technteal In 
lsolatk>n, txit Is easly understood when we learn 
that "gases msh out of the jet at the rear of the 
engine, giving the engine Its fonmrd thoist." The 
difflculty that mkkile school students often ex- 
press In attempting to understand mechank:ai ad- 
vantage might be alleviated somewhat If this con- 
cept were presented whie studying engines: 
The transmlssk)n permits the driver to shift 
gears to get the best .. . mechanteai advantage . 
. . In low gear, the drive shaft turns much more 
slowly than the engine. This supplies a large 
torque to the wheels for starting and for steep 
climbs." Most phystes teachers coukJ not resist 
the temptatkHi at this point to launch Into the 
definition of torque and a few equatknis-equa- 
tlons perhaps made relevant by this applteatk>n 
to engines. 



The societal dimenston Is equally easy to 
develop from this techndogteal starting point. 
The chapter begins with a discussion of the uses 
of engines In modem agriculture. Appropriate, 
then, might be In-depth Investlgatkms of the con- 
tention that "modem agriculture Is merely a 
method of tuming fossil fuels Into food." It Is also 
possible to enviskjn some research Into ap- 
propriate and Inappropriate technologies for 
developing natkKis and the banters to technologi- 
cal lnnovatk)n that exist In non-Wasi^m cultures. 
Here, as before, library wori<, outskie readings, 
guest speakers, flekJ trips. Independent and 
small-group projects, and simulatbns are promis- 
ing lnstructk)nai strategies. 

These examples shouki illustrate the poten- 
tial that lies often untapped In even the most 
traditk>nal of earth, physical, or life science cour- 
ses. What Is required to bring an STS perspec- 
tive to such courses Is careful seiectton of con- 
tent, deliberate aHocatkxis of time to STS toptes 
and themes, expioratkm beyond the bounds of 
the text for opportunities to develop these 
themes, and a variety of lnstnictk)nal methods 
and strategies. This Is a great deal to require 
from busy teachers and a large challenge for cur- 
riculum writers, program planners, evaluators. 
and school administrators. Yet such modMca- 
tk>ns of science courses are certainly achievable 
and potentially rewarding for educators and stu- 
dents alike. 

Notes 

1. As a ;natter of convenience, three 
textbooks from Holt. RInehart and Winston were 
selected as source material for use In developing 
these examples. The books are Modem Physical 
Science (1983). Holt Life Science (1982), and 
Modem Earth Science (1983). These books are 
representative of texts avalable In these fields 
and therefore functkxi well to Hlustrate how tradi- 
tional course content can be approached from 
an STS perspective. The selection of these 
books for case material Is not Intended as recom- 
mendatton or a condemnatton of these texts or 
this publishing company. 
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7. STS IN SECONDARY SCHOOL SOCIAL STUDIES 



Education for citlztnship in a free society Is 
the long-standing goal of social studies teachers 
In the United States. From the early years of our 
reputjilc unti today, general education for citizen- 
ship has stressed rights and responslt}llitles of 
constitutional government, which Indude par- 
ticipation In decisions alxHit put)lic policy. More 
than two hundred years ago, Thomas Jefferson 
wrote: "Every government degenerates when 
tmsted to the rulers of the people alone. The 
people themselves therefore are its only safe 
depositories. And to render even them safe, their 
minds must be Improved to a certain degree. . . . 
The influence over government must b9 shared 
anriong aH the people."^ In this quotation Jeffer- 
son identified two fundamental Issues: the role of 
the people In government, and the central place 
of education. 

Thomas Jefferson had great faith In the 
power of schooling to educate citizens to thlni< 
for themselves about issues, policies, and offi- 
cials In government. Americans today tend to 
share Jefferson's faith, but we also recognize 
that society has changed significantly since the 
founding period of our nation's history. The 
public policy agenda of the 1980s has been filled 
with Issues generated by advances In science 
and technology ranging In complexity from 
health hazards of fumes from Internal combus- 
tion engines to depletion of the ozone layers. 
The challenges of citizenship today, and hence 
the tasi<s of citizenship education in schools, 
have become enomxHJSly complicated by rapid 
advances In science and technology and 
profound social changes emanating from them. 

Citizenship and citizenship education are 
connected to developments In science and tech- 
nology In numerous ways. Including the follow- 
ing: citizen awareness of science and technology 
in society; the need for citizens to make judg- 
ments about the social consequences of science 
and technology; the generation of pubtic policy 
issues based on science and technology; citizen 
participation in the resolution of STS Issues; and 
the need for citizens to mai(e personal choices 
related to the impact ol science and technology 
on ways of living. According to a prominent 
scientist, 'the human race has never had such 
bountiful technological benefits as today. But 
there has also never been a time when the tech- 
nological rislcs were greater. It Is Impossible to 
weigh benefits against rlsl(s without i<nowiedge. 



and In a democratic society, tfwt means 
i<nowledge for everyone, not Just the experts. 

The democratic tradition of majority mie Is 
threatened by massive Ignorance about public is- 
sues related to science and technology. The chal- 
lenge this situation poses to citizenship 
educators In the social studies is how to dissemi- 
nate widely among the American people 
i<nowledge and cognitive process si<Hls needed 
to participate Intelligently In decisions about so- 
cial Issues related to science and technology. 
Failure to meet this challenge v^l compromise 
severely. If not defeat, fuHlliment of Jefferson's 
ideal of the people as the "only safe depositories" 
of govemnr)ent. How can social studies 
educators In secondary schools address the chal- 
lenges of education for good citizenship in our 
contemporary age of science and technology? 

Guidelinee For Infusing STS into Secondary 
Social Studies Courses 

Following are six guidelines for selection 
and/or development of STS content and learning 
activities for Integration into standard secondary 
school courses In the social studies. These 
guidelines fit the frameworl< presented In Chapter 
1, Involving acquisition of (1) l(nowledge related 
to science/technology/society, (2) utilization of 
cognitive processes and si<»l In Infonnatlon 
processing, problem solving, and decision 
maldng, and (3) development of attitudes and 
values about practices of science/technology in 
a democratic society. The guidelines may be ad- 
dressed variously as to order and emphasis In 
the development of Instructionai units or cour- 
ses, but all of the guidelines pertain fundamental- 
ly to the overarching goal of education for citizen- 
ship In a modem denrnx^racy. 

1. Treat intenelatlonships of science and 
technology In a social context. These Inter- 
relationships are various and begin with 
l(nowledge of the symbiotic connections of 
science and technology. Students should learn 
how science Is related to technological develop- 
ments and how technology Is lliced to scientific 
advances. The scienceAechnology Interface, 
however, always exists In a social context, which 
Is the major emphasis In social studies courses. 
These STS Intenelatlonshlps Involve governmen- 
tal and economic Institutions and processes as- 
sociated with the practice and achievements of 
science and technology. Students should learn 



38 



how fod«ral and state governments and private 
t)usineeaes, espedaRy large corporations, foster 
developments In science and technology. Finally, 
this guideline Involves public opinions and at- 
titudes alxxjt the practice and uses of 
sclenceAechnology In a denwracy Students 
should learn how attitudes and values Influence 
choices on using resources to 9eel( certain ends 
and to avoid others. They also should compare 
practices and uses of science/technology In 
democratic and norKiemocratIc societies. 

2. Emphasize the uses, limits, possit)lltles. 
and variat3le social consequences of scientific 
and technological endeavors In the past and 
present t)oth natlonaHy and globaHy This 
guideline focuses on social continuities and chan- 
ges associated with processes and products of 
science^echnoiogy. Students should learn at)out 
science/technology as part of the social history 
of their nation and the world. Furthermore, stu- 
dents should learn atxxjt social origins and ef- 
fects of sdenceAechnology as part of current na- 
tional and international events. The products and 
procedures of modem sclenceAechnology have 
forged links between Americans and other 
peoples of the world. The cross-cultural move- 
ments of scientific and technological knowledge 
and products are among the most Important 
global forces of nnxlem times. As worM leaders 
In science and technology. Americans have tradi- 
tionally enjoyed a central posltk>n In this global 
exchange. To understand adequately how 
Anr}ericans are connected to one another and to 
other natkHis, students must know about the 
centrality of sclenceAechnology In American 
society. 

3. Stress that science/technology have been 
fundamental elements of Western cMlzatton (In- 
cluding America). Values associated with prac- 
ttoes and products of science/technology are 
major elements of Western cMlzatkHi, as are 
values about constltutk)nal government and a 
free society. Students shouM learn that 
Americans have been and are a people cf 
preeminent achievement in science and technol- 
ogy and that values associated wKh these 
achievements typify the American heritage. In 
America as a CMIIzation, Max Lemer wrote. 
"America Is a cMllzatkHi founded on science and 
rooted In Its achievements. Without science the 
whole ribbed frame of American technology, and 
with it American power, would have been impos- 
sible."^ Indeed, Americans are heirs of scienttfte 
and technologk^al revoluttons originating in 
Europe from the 16th through the 18th centuries 



and brought to North America by European 
colonizers and settlers. By the middle of the 1 8th 
century. Americans were making their own impor- 
tant contributions to science/technology; from 
that time to the present, the values, practices. 
arxJ products of sclenceAechnology have been 
basic elements of the American way of life. Thus, 
to know and appreciate adequately their 
American heritage, students must understand 
and value sclenceAechnology as primary con- 
tributors to development of the United States. 

4. Examine past and present publk: Issues, in 
nattonal and global perspectives, associated with 
the human effects of scientlfk:Aechnologk:al prac- 
tices and products. In one fomi or another, is- 
sues related to sclenceAechnology have been a 
perennial part of the American experience in 
domestic and Intematkxial affairs. Knowledge of 
these issues, their origins, development, and im- 
pact on societies, Is necessary for students to un- 
derstand contemporary questtons and Issues 
about the uses of science and technology Of 
course, students should experience balanced 
treatments of Issues with multiple perspectives 
and viewpoints. FurthenDore, students should 
have an opportunity to compare and contrast 
responses of different societies and cultures to 
similar Issues. Finally, students need to know 
how some baste Issues have become glot>al in 
scope and significance and that all humans, in all 
places In the worid, have a stake in the resolu- 
tion of these Issues. 

5. Develop cognitive process skHis in social 
sciences and history and in civto decision 
making as ways of knowing and evaluating 
phenomena and issues associated with 
sclenceAechnology/soclety. Inquiry In social 
sciences and history refers to cognitive process 
skills that help describe and explain phenomena 
about people and societies In the past and 
present. CMc declskin making It.volves cognitive 
process skills that enable ratkxml chotee about 
public Issues. CMc declston making requires 
knowledge provided by social science and his- 
tory to clarify altematlves and justify hypotheses 
about consequences that are more or less likely 
to result from one choice or another. Civic 
decision making also Involves judging conse- 
quences as more or less positive or negative, it 
requires assessing likely outcomes according to 
priorities that represent personal and societal 
values. Thus, civic decision makers uca 
knowledge and values to make informed, rational 
choices about resolution of public Issues. 
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Given the interrelationships of cognitive 
process skMs in social scientific and historical in- 
quiry and cMc decision making, these com- 
plementary ways of thinking be integral 
parts of every course in the secondary social 
studies curriculum. In partteular, students should 
be required to practtee cognitive process skHis in 
socW science and history and civic decision 
making m reaching and Justifying choices about 
sclenceAechnology/soclety Issues. Students who 
reflect upon values about science/technology 
and democracy through exercises in civic 
declston making are likely to develop warranted 
commitment to these bask: parts of the American 
heritage. 

6. Connect content and learning activities 
about sclenceAechnology/soclety to obvfous 
entry points In standard socM studies courses In 
the core curriculum of secondary schools. Con- 
tent and learning activities on sclenceAechnol- 
ogy/soclety are more likely to be Infused Into the 
social studies cunlculum If they fit partteular 
themes, topica, and concepts of standard cour- 
ses, if these connectkxw are made, lessons on 
sclenceAechnology/soclety wll appear to en- 
hance the coherence and Integrity of the cur- 
riculum that Is currently In place In most schools. 
Secondary sodal studies courses with the 
largest enrollments natkwially are American his- 
tory, civtes/govemment, worid history, and geog- 
raphy. American history is offered In Junior 
hIgh/mkJdIe school (usually at 8th grade and 
sometimes at 7th grade) and Is a universal re- 
quirement for high school graduatk>n (offered 
usually at lith grade). CMcs is usually taught at 
grades 9 or 8. Government, a neariy universal re- 
quirement for high school graduatton. Is taken by 
most students In the I2th grade. Worid history 
and geography are staples of 7lh and 8th grade, 
in addltton. geography Is offered In many 
schools at the 9th or icth grade, as is wortd his- 
tory. Each of the standard courses listed above 
offers ample openings for Integratkm of content 
and leaming activities on sclenceAechnol- 
ogy/soclety. 

STS In Wortd HIttory 

Using the six criteria discussed above, a 
strong case can be made for emphasizing STS 
in secondary world history courses. Cun-ent Is- 
sues and polteles related to science and technol- 
ogy have a past that must be understood If one 
is to be a capable declston maker about these 
matters. Furthemiore, one can neither under- 
stand modem world history nor contemporary 
American society without knowledge if the his- 



tory of science and technology In Western 
civfllzatlon. The scientific and technological 
revolutions that originated In Europe have spread 
to the rest of the worid and are the foundation 
we have for building global links between the dis- 
parate peoples and traditkjns of our planet The 
late British historian. Herbert Butterfield. eloquent- 
ly made the case for science and 'schnoiogy as 
the most powerful Intemattonal force In modern 
history: ". when we speak of Western civlll7<?- 
tlon being canled to an oriental country like 
Japan in recent generations, we do not mean 
Graeco-Roman philosophy and humanist Ideals, 
we do not mean the christianising of Japan, we 
mean the science, the modes of thought and all 
that apparatus of civllizatton which were begin- 
ning to change the face of the West In the latter 
half of the seventeenth century."^ 

The Scientmc Revdutkjn In Europe Is an Im- 
portant entry point for lessons on STS In worid 
history courses, as is the later Industrial revolu- 
tion. Lessons shouW be developed to enhance 
limited textbook treatments of these major turrv 
Ing points In worid history; major textbook 
coverage of the Sclentlfte Revolution is especially 
scanty. Students should be stimulated to Inves- 
tigate the origins and effects of the Sclenti.'lc 
Revdutton on countries In Westem Europe. They 
might be asked to compare social conditions in 
16th century Westem European countries and 
selected non-Western societies of the same 
period In order to Identify social factors In 
Westem Europe that corrtributed to development 
of modem science and technology. 

Another opening for Integration of STS con- 
tent and leaming activities Is the uneven spread 
of Westem science and technology to various 
parts of the worid In the I8th, I9th. and 20th cen- 
turies. Students might learn why Westem science 
and technology have taken root In some 
societies and not in others. Furthennore, lessons 
might be created to teach relatkjnshlps between 
scientiflcAechnologteal developments (or lack of 
them) and certain characteristtes of various na- 
tions, such as living standards, productivity, na- 
tional security, nattonal wealth, and exercise of 
national power In worid affairs. Students might 
examine the links between Imperialism and sclen- 
tificAechnologlcal advances. 

Finally, challenging global Issues that stem 
from practices and products of sclenceAechnoi- 
ogy might be the 'ocus of lessons on 20th cen- 
tury worid history. For example, case studlfls 
inlght be developed about the comparative 
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benefits and detriments of using pesticides and 
chemical fertNlzers to increase agncuiturai 
production In developed and third world 
countries. Another example Is examination of is- 
sues associated with the use of nudear power in 
Industrial enterprises or in national defeiise. A 
third example, among the many that couid be 
Identified, is controversy about exploitation of 
resources under the world's oceans. 

STS In Amtrican History 

The history of science and technology in 
America is part of the development of Westem 
civilization in modem times. However, Americans 
have made special and significant contributions 
to science and technology in the I9th and 20th 
centuries; these contributions should be high* 
lighted In secondary courses. Students should 
learn about major persons, events, and achieve- 
ments of American science and technology in 
tenns of the six criteria presented In the first part 
of this chapter. Developments in science and 
technology should be treated as an integral pan 
of American social nistory; indeed, no other so- 
cial forces have led to more significant and en- 
during changes In our way of life. 

The first opening for study of science/technol- 
ogy In American history Is the period of 
European exploration, colonization, and settle- 
ment of North America. Students might study the 
relationships between scienceAechndogy from 
Europe and "discovery and transfomiation of the 
"new world." irrfomratton on Native American 
science and technology, which was closely re- 
lated to ecology and embodied their sense of 
time, space, distance, and lifestyle, should be in- 
cluded. 

A second place to infuse STS content in the 
U.S. history course is the start of significant in- 
dustrial development in North America with the 
application of industrial technology from England 
to New England by Samuel Slater and others. 

A third place for Induslon of STS subject mat- 
ter pertains to the westward movement and set- 
tlement of the advancing frontier by American 
pioneers. Students should ieam how develop- 
ments in transportation and communication ac- 
celerated settlement of the west and binding of 
these new tenltories to other parts of the nation. 

Fdiowing is a list of additional topics in 
American history that can serve as openings for 
Integration of STS content and learning activities: 



• Urban deveiopment and the growth of 
modem metropditan regions. 

• Weapons and tactics in the Civil War, 
which has been called the first modem 
war. 

• Growth of businesses and Industries fd- 
iowing the CMi War. which made the 
United States the leading industrial power 
in the world by the turn of the 20th cen- 
tury. 

• Development of mass production and 
mass mart<eting in the first half of the 20th 
century. 

• Weapons and tactics In Worid Wars i and 
ii. 

• National security in our nuclear age. 

• Development of our post-industrial era. 
based on continuing "high-tech" innova- 
tions. 

Science/techndogy-related social Issues of 
the past and present should be emphasized In 
treatments of these various topics in U S. history 
Students should be challenged to reflect upon 
the advantages and disadvantages of various 
developments in scienceAechndogy In different 
periods of American history and how these 
developments and controversies reflect con- 
tinuities and changes In American society 
Through study of these Issues, students should 
ieam how science and techndogy have beer 
continuingiy potent forces in American society 
that have led to profound and sweeping social 
changes and that wHi continue to do so in unpre- 
dictable ways. Finally, investigation of STS issues 
should teach students the relationships between 
science and democracy-the compatibility of the 
values of a free society and scientific innovation.® 

STS In Clvics/Goveniment 

Secondary schod courses In civics and 
government treat the democratic values and 
pdltical-economic institutions of a free society 
Scientlfic/techndogicai processes and products 
are conducted within a social nexus consisting of 
various pudic and private institutions-state and 
fidtlonal governments, corporate enterprises, spe- 
cial interest groups, and the values that under- 
gird these institutions. Thus, courses in civics 
and government provide significant openings for 
ieaming experiences on science/technd- 
ogy/society. 
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The first opportunity to trmt STS In cMcs or 
govemnnent courses Is provided by studies of 
the meaning and functions of government and 
comparative government; such studies appear in 
the opening sections of rxwt textt)ool<s. Stu- 
dents should leam the relationships of govem- 
ment to stimulation and regulation of scien- 
tific/technological practices and products. They 
also should t>e taught aboui! the similarities and 
differences of public llnl<agesi to science/technol- 
ogy in different systems of siovemment. For ex- 
ample, they should compan? and contrast the 
roles of government In science/technology in the 
United States and other polHical systems, such 
as the USSR, Japan, and France. The relation- 
ships between values of derrocracy and science 
should be examined In these teaming activities. 

Foilowing are additional connections be- 
tween standard topics in secondary school 
civics/govemment courses and STS content and 
leaming activities: 

• The relationship of the Constitution to 
science/technology as indicated by Artlcie 
I powers of Congress to authorize and 
regulate a system of patents and 
copyrights, by Artlcie I powers of Con- 
gress to regulate commercial uses of 
products of science and technology, and 
by Amendment i protections of free ex- 
change of Ideas. 

• The relationship of scientific and tech- 
noioglcal wori< to the federal bureaucracy 
as exemplified by various regulatory agen- 
cies (EPA. FAA, FCA). executive depart- 
ments (Defense, Transportation, Agricul- 
ture, Commerce, Education. Health and 
Human Services), and agencies (NSF, 
DOE) that have been created especially to 
promote education and research in 
science. 

• Congressional support for and regulation 
of science/technology through the ieglsia* 
tlve process. 

• Presidential Influence on uses of 
science/technology through the Chief Ex- 
ecutive's roles as setter of the national 
policy agenda, foreign policy ieader, and 
commander-in-chief. 

• Judicial influence on uses or regulation of 
scienceAechndogy through decisions in 
court cases. 



• influence of citizens, through participation 
in special inteiest groups, on nailondi and 
state policies about the uses of 
science/technology. 

• influence of citizens, through participation 
in state elections on initiatives and referen- 
dums, on nationai and state policies about 
the uses of science/technology. 

Science/technology-related social issues, 
which pertain to topics in the preceding iist, 
should be highlighted through case studies 
about cMc decision mal<lng. During a course in 
civics or government, ihe foci of these declslon- 
n^l<ing cases should vary across different ievels 
of government (national, state, and iocai), 
branches of government (executive, iegislative. 
and judicial), and policy concems of the public 
(environmental, natloruil security, economic 
development, consumer protection, and so 
forth).'^ 

STS In Geography 

Basic themes and concepts in geography 
provide openings for integration of subject mat- 
ter about science/technology/society. For in- 
stance, a fundamental theme of geography Is in- 
teractions of humans with their natural environ- 
ment. People modify and adapt to naturai set- 
tings in ways that reveal cultural values and 
capabilities, Including values and capabilities 
having to do with science and technology. Stu- 
dents should leam how relationships develop be< 
tween humans and their environmer^t. how 
science and technology are Involved In these 
relationships, and how these relationships affect 
both people and their envlronnrwit. STS topics 
subsumed by this theme are: various means of 
using or consen/Ing land and other naturai 
resources, opportunities and problems as- 
sociated with urban growth and development, 
and opportunities and problems associated with 
industrial development and controls on this type 
of growth. 

Another basic theme of geography, which 
can be connected to topics in scieroe/technol- 
ogy/society, is interaction of various groups of 
humans in different places on the Earth. Human 
beings, unevenly distributed throughout the 
worid. interact through travel, trade, and com- 
munication. These interactions have been 
profoundiy affected by developments in 
scienceAechndogy. which have connected 
people and places around the worid in modem 
times. Today, complex communications and 
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transportation networks link every part of the 
world; noost people, directly or Indirectly, Interact 
with other peoples and places regularly. These In- 
teractions wM continue to change with new 
developnrients In science/technology. Students 
need to learn about these changes and to ex- 
amine their consequences for people and their 
social and natural environments. STS topics sub- 
sumed by this geographte theme are: relation- 
ships between science/technology and popula- 
tion growth, population distribution, and popula- 
tion density; local, natk)nai, and international 
transportatton and communk^ation linkages and 
their effects on people and societies; specializa- 
tion and Interdependence in using human and 
natural resources to meet human needs. 

A third major theme of geography, which has 
implications for the study of science/technol- 
ogy/society, Is the fomiatk)n and change of 
regk)ns. A regton is any area that displays unity 
In terms of selected criteria, such as characterls- 
ttes that define a culture and distinguish It from 
other cultures. Cultures vary In their use of 
science and technology to meet human needs 
and fulfill human aspirations. Students should 
learn how to compare and contrast the values 
and uses of science/technology in different cul- 
tures around the world. 

Case Studies of Civic Decision Making About 
STS Issues 

A fundamental r-r* of gn treatments of STS 
issues In social sv courses should be case 
studies of decisk? ! about science/technol- 

ogy-related soclSt . In a free society or 
democracy, citizens «8 the «ight and respon- 
sibility to participate, directly or indirectly, in 
choices about public pdteles. In modem times, 
no social issues and poltey chotees have been 
more signlfteant than those having to do with 
processes and products of scienceAechnology. 

One effective means for helping students 
practice cognitive process skills In cMc decision 
making Is the decision tree strategy.^ This device 
is an adaptation for secondary sc'.ool students 
of a more complex process used wWely in teach- 
ing and research In poltev science, management 
science, and engineering.^ For secondary school 
students, the decision tree strategy can be repre- 
sented by a chart (Figure 6) that portrays essen- 
tial elements of civic declston making: (1) an oc- 
casion for decision (sclence/technology-related 
social issue), (2) values and goals that pertain to 
the occasion for decision. (3) alternative respon- 
ses to the occasion for decision, and (4) likely 



consequences-positive and negative-of the alter- 
natives. These four elements are a slightly ab- 
breviated version (for ease of presentation in a 
chart) of the essential elements of civic decision 
making discussed in Chapter 3 of this work. 
These elements involve interlacing of knowledge 
based on the sciences and social studies with 
the arts of critical thinking and value judgment. 

The decision tree in Figure 6 has been lilled 
in for a case study involving a recent 
science/technology-related social issue on the 
Navajo reservation in Arizona. Before using the 
decision tree shown In Figure 6, students read a 
case study about the social issue on the Navajo 
reservatk^n. The first move in response to the 
decision tree chart is to kJentify and clarify the 
occaston for decislon-in this Instance, the dis- 
covery of a huge, shallow vein of low-sulfur coal 
on the Navajo reservation. Students next kJentify 
and clarify the alternatives and then nr>ove to con- 
skleratk)n of the likely consequences (see Figure 
6). When conskiering these consequences, they 
make factual judgments about the outcomes that 
are more or less likely to result from selection of 
each alternative. Students also consider what Is 
good or bad about these consequencbS In terms 
of values and goals they have applied to this 
issue. Finally, they choose one altemetive as bet- 
ter than the others in terms of the analysis and 
judgnr>ent represented in Figure 6. Of course, stu- 
dents should not be expected to use the 
decision tree strategy In a lock-step or linear 
fashion. Rather, decision nriakers use the 
categories in the chart variously from one oc- 
casion to another. IHowever, the standard 
categories in the chart help students keep track 
of cognitive moves that are-in one way or 
another-part of any civic decision. (See the dis- 
cussion of this point in Chapter 3 ) 

Students In social studies courses may use 
decision trees indivkJually or in large or small 
groups to analyze and judge the decisions of 
others or to make their own decisions in 
response to an open-ended case study or com- 
puter simulation. Use of case studies in teaching 
Is a long-standing practice In leading schools of 
business and law and in social science depart- 
ments of major universities and colleges. Cases 
of science/technology-related social issues and 
police choices can provkJe the slices of reality to 
which ieamers apply sktlis in civic decision 
making These case studies can take various 
forms, such as court cases, policy cases, and 
referenda. Sources for creating the case studies 
Include newsprpers, magazines, novels, govem- 
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FIGURE 6 
THE DECISION TREE 



0 Uphold traditional t)ell6fs about sacred nature of "mother" earth. 
0 Create economic self-sufficiency and raise standard of living. 
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with mining com- 
pany to strip-mine 
coal 



0 Protect land from 
strip-mining 



0 Not uproot famHies 
0 Preserve sacred 



traditions 



0 Continued inability 



to support growing 



population 



0 Drive young people 
off reservation 



Do not mine the 



coal 



GOALS 



GOOD 



CONSEQUENCES 



BAD 



ALTERNATIVES 





Discovery of 


OCCASION FOR DECISION 




coal deposits 






at Black Mesa. 






Arizona 
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ment reports, legal briefs, and Judicial decisions. 
Furthermore, cases might be presented In pint, 
fHm. video or audio cassettes, computer 
software, or combinations of these media. 

Providing students with learning activities 
based on case studies and cMc decision making 
responds directly to the primar/ goal of secon- 
dary school social studies, which Is education for 
Informed citizenship In a democracy. Modem 
t!mi9s often require citizens, as non-specialists, to 
participate In decisions with high stakes for them- 
selves and their community. Paul DeHart Hurd, 
an eminent science educator, explains the 
central place of decision making in citizenship 
education: In our cMc and personal affairs, the 
cognitive processes that we most frequently use 
are those of decision making. . . . The education- 
al goal, then, is to teach students how to mar- 
shal, organize and analyze Informatton leading to 
a choice of action and to recognize the probable 
consequences." 

Notes 

1. Thomas Jefferson, Notes on the State of 
Virginia (Brooklyn, NY: Historical Printing Qub, 
1894), p. 188. (First published In 1782.) 

2. Malcolm Browne, The Untutored Public, ' 
New York Times (22 April 1979), p. 14. 

3. Max Lemer, America as a CMIization 
(New Yori<: Simon and Schuster, ^^o7), p. 209. 

4. Herbert Butterfield, The Origins of Modern 
Science (New York: The Free Press, 1957), p. 
191. 

5. John J. Patrick. "Science and Society In 
the Education of Citizens/' BSCS Journal 3 
(December 1980). pp. 2-6. 



6. The following book Is especially helpful In 
gaining Insight into science and technology In 
American history: Robert V. Bruce, The Launcn- 
ing of Modern American Science, 1846-1876 
(New Yori<: Alfred A. Knopf, 1987). 

7. David Dicksons, The New Politics of 
Science (New Yori<: Pantheon Books, 1984) is 
highly recommended as a book showing the 
relationship of science to universities, industry, 
the military, foreign policy, and public participa- 
tion. 

8. This device has been used In works of 
Richard Remy and John Patrick, such as Civics 
for Americans (Gienview, IL: Scott, Foresman, 
1987) and Lessons on the Constitution 
(Washington, DC: Project '87 and Boulder, CO: 
Social Science Education Consortium, 1985). 

9. The scholariy literature on decision 
making is voluminous. Following are repre- 
sentative Items In this body of literature: Percy H. 
Hill et al.. Making Decisions: A Multidisciplinary 
Introduction (Reading, MA: Addlson-Wesley, 
1979); Howard Ralffa, Decision Analysis: Intro- 
**jctOfy Lectufss on Choices Under Uncertainty 
,«^eadlng, MA: Addlson-Wesley, 1970); Rot»ert 
Bell and John Coplans, Decisions, Decisions: 
Game Theory and You (New Yori<: W W. Norton. 
1979). 

10. Paul DeHart Hurd, Reforming Science 
Education: The Search for a New Vision 
(Washington, DC: Council for Basic Education, 
1984), p. 13. 

11. to/d. 
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8. AN INTERDISCIPLINARY APPROACH TO STS 



A recent paper in the Phi Delta Kappan 
de8crlt}ecl the art of good teaching as the shar- 
ing of enthusiasm for one aspect of the culture ^ 
The simplicity of this description Is a paradox. 
WhHe one can be enthusiastic In Ignorance, only 
through considerable l<nowledge can one com- 
municate that enthusiasm to others In any per- 
suasive and persistent way. Furthermore, the 
favored aspect of culture cannot be fully ap- 
preciated without attention to Its llnl<s with all the 
other parts of the culture. Enthusiasm may be 
limited wht^n the walls of a discipline confine it; 
enthusiasm flourishes when the whole culture Is 
seen as greater than the sum of its parts. 

In previous chapters, we have considered 
the opttons of 'remodeling" and 'refurbishing" ex- 
isting science and social studies courses. These 
options allow retention of the traditional dls- 
clpllnes» with all that Implies about goals, proces- 
ses, and subject matter. The final option of 
rebuilding suggests that we can, if we desire, 
step outside our time-honored assumptions 
about what to teach, why to teach it, and how to 
teach it. From this new vantage point, we can 
create a course that approaches the theme of 
science, technology, and society In two ways: 
with enthusiasm for the scientific and technologic 
aspects of culture and with sensitivity toward 
how these aspects relate to the rest of the 
human experience-past, present, and future 

The Importance of the human perspective 
projected fon^ard in time cannot be overem- 
phasized. Isabel S. Abrams has noted: 

Today, more than at any other time, 
science and technology shape our 
world. Through scierKe we have the 
knowledge and the methods to control 
many natural processes and, therefore, 
the potential to Improve the quality of 
life. Technology enables us to apply 
scientific principles to the use of 
natural resources for economic 
development and for the production of 
goods and services. IHowever, science 
and technology also can provide 
weapons for war and destroy the bio- 
sphere, the IMng world In which 
human beings are Intimately linked with 
land, atmosphere and oceans, as well 
as plants, animals, and microor- 
ganisms. The way we direct our scien- 
tific research and the way we apply 



technology will determine whether we 
can sustain our society and its life-sup- 
port system, the natural environment ^ 

An interdisciplinary course In STS is built on 
the interrelationships that Abrams describes. 
Such a course has many educational ad- 
vantages, not the least of which Is the students* 
personal, firsthand participation with STS issues 
Hurd argues that during the study of real-world 
events, students develop skills In "processing in- 
formatton, formulating options, and making per- 
sonal judgments . . . Thus, students develop an 
awareness of their own purposes, beliefs, and 
ideals, and are exposed to those of others. The 
resdutkDn of STS problems goes beyond techni- 
cal knowledge to human experience, purposes, 
and values, and to social, economic, political, 
and humanistic factors."^ Such a course enhan- 
ces motlvatton because students perceive their 
studies as relevant to the world outside of 
school. They nfiay also be able to see links be- 
tween their studies In science and other 
academic subjects-for example, as mathematics 
and civics are used In the analysis and resolution 
of an STS Issue. 

Hurd argues further tliat 'knowledge, 
whether of facts or methods, gains meaning from 
the context In which it Is used. Strictly discipline- 
based courses are too constrained to convey the 
full meaning of much that Is taught. Facts are 
learned, but many are largely lne.t and have little 
effect on daily life . . . The STS theme is 
designed to make the study of science produc- 
tive for more students by encouraging students 
to think about the social and personal Implica- 
tions of what they are leamlng."^ Building a new 
STS course allows this goal to be sought daily, 
not just on occasions when the opportunity 
arises In some existing course. 

For those who find these arguments convinc- 
ing, the next step Is the often-difficult transition 
from theory into practice. In order to design an 
^'^Z coii«'se, one must make some dlifflcult 
decisions ax>ut what to teach and liow to teach 
it. Currlci;ium design groiips often begin with the 
question of what is Important to know. This exer- 
cise usually ends In one of two ways: either 
everyone agrees on lists of content and objec- 
tives that are no different from what Is in the 
standard textbooks and what they have been 
teaching for years, or all involved become dis- 
gruntled with their obstinate colleagues who per- 
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sist In their arguments for the supremacy of one 
body of kno^edge over another. These out- 
comes are not the result of perverse Intentions 
or Inadequate Intellect. They are, Instead, the In- 
evltat)le consequence of giving the right answer 
to the wrong question. Tne question Is un- 
answerable. Everything I3 Important to know In 
some way, at some time, for some pu-pose. Fur- 
thermore, something we all agree I3 unimportant 
may turn out to be very Important as new In- 
sights change science, technology, society. 

So. If we cannot determine what is important 
to know, what can we do? We can ask a dif- 
ferent questk^n: "Given a limited amount of in- 
structional time (pertiaps 150 hours in a typical 
school year), what big ideas about life and living 
shoukl our students carry away from their STS 
course for use throughout the rest of their lives?' 
Note the four premises of this question. First, 
time Is limited; therefore, we cannot teach eve.7- 
thlng. even though everything may be important 
to learn. Second, we are looking for big kJeas 
about INe; we are not looking for big kJeas in 
science, nor are we iooking for life's trivialities. 
We are concerned with those broad and 
generallzable truths that are likely to be en- 
countered in many of life's unpredictable situa- 
tk^ns. Third Is the concept of use. These big 
Meas should be applicable and applied, not 
bantered about as Intellectual exercises. Fourth, 
the use should continue throughout the student's 
lifetime. For today's students, that means an 
adulthood spent making complex declstons in an 
Increasingly precarious political climate. We can 



state this issue in a slightly different way-What 
does the student need to know that will con- 
tribute to (i) personal and social preservation 
and (2) personal and social developmenf? This 
question and response are similar to those Her- 
bert Spencer raised and answered in the mld- 
1800s. 

Those who plan STS courses must formulate 
their own answers to this multidimensional ques- 
tion. The efforts of those who have attempted to 
do just that serve to Illustrate the intent of the 
question and the richness of its four built-in 
criteria 

Figure 7 elaborates the concepts listed in 
Chapter 2 of this work. Figure 8 reviews some of 
the important cognitive process skHis. Once 
agreement can be achieved on the "big kJeas" 
and essential skMis, the next step entaHs the 
selection of content to can7 these themes. Con- 
tent may be selected for its currency, relevance, 
or student interest. Also important is the 
avaHabiitty of materials and sources of data. Fur- 
thennore, opportunities for hands-on investiga- 
tion in the laboratory or fleM need to be provkJed 
as the experiential base for the intellectual tasks 
of analyzing data, synthesizing informatk^n from 
many disciplines, and evaluating opinions, cour- 
ses of action, and points of view. The topte is of 
less importance than the learning opportunities it 
provkles. Students wHI work with the fundamen- 
tal processes, principles, and concepts of several 
disciplines as they work through a real-world 
problem. 



FIGURE 7 

UNIFYING CONCEPTS FOR SCIENCE, TECHNOLOGY, AND SOCIETY 



CONCEPTS 

SYSTEMS AND SUBSYSTEMS 
ORGANIZATION AND IDEI^ITY 



DEFINITIONS 

A system is a group of related objects that form a 
whole or a collection of materials isolated for the pur- 
pose of study. Subsystems are systems contained en- 
tirely within another system. 

Systems have kJentlfiable properties. There are boun- 
daries, components, flow of resources, feedt^ack. and 
open and closed aspects of systems organization. 
Changes in properties may cause a change in the sys- 
tem's identity 
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CONCEPTS 

HIERARCHY AND DiVERSiTy 



INTERACTION AND CHANGE 



GROWTH AND CYCLES 



PATTERNS AND PROCESSES 



PR0BA8IUTY AND PREDICTION 



CONSERVATION AND DEGRADATION 



ADAPTATION AND LIMITATION 



EQUILIBRIUM AND SUSTAINABIUTY 



DEFINITIONS 

Matter, whether nonliving or living, is organized In hierar- 
chical patterns arKi systems. Hierarchical levels of or- 
ganization range from subatomic to cosmic. There is In- 
creasing comfxexlty of organization within physical, 
biological. arKi social systems. Diversity can increase 
the stability of systems. 

Components wttnln systems interact, arKi the systems 
Interact with each other There is usually evidence of 
the interaction. Evidence of Interaction provides oppor- 
tunities for Identification arKi analysis of causal relation- 
ships. All things change over time. The course of 
change may be Influenced to modify the properties, or- 
ganization, and Identity of systems. 

Linear growth occurs by a constant amount over a time 
Interval. Exponential growth occurs by an Increasing 
rate (at a constant percentage) over a time Interval. 
Some systems change In cycles. 

interactions, change, growth, and cycles often occur In 
observable patterns and as a result of Identlflable 
processes. 

Some changes are more predictable than others. Statis- 
tical calculations provide some degree of accuracy (a 
probability) In the prediction of future events. 

Matter and energy are neither created nor destroyed. 
Both may be changed to different forms. This Is the first 
law of thermodynamics. Considered as a whole, any 
system wHI tend toward Increasing disorder. This Is the 
second law of thermodynamics. 

All systems respond to environmental or cultural challen- 
ges. There are limits to environmental, organlsmic, and 
social changes. Adaptations may be biological, physi- 
cal, technologteal, social, political, or economic. 

Equilibrium occurs when components of a system Inter- 
act In ways that maintain a balance. Due to adaptation, 
growth, and change, all systems exist on a continuum 
from balanced to unbalanced. The extent of the equi- 
librium or disequilibrium Is a function of the system s 
capacity to can7 the load created by factors operating 
In and on the system A social system Is sustainable If 
Its organization results in stability of Its natural resour- 
ces and environment. 
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FIGURE 8 

COGNITIVE PROCESS SKILLS FOR SCIENCE, TECHNOLOGY, AND S 



SKILLS 

ProcMSing Information 

QUESTIONING AND SEARCHING 



OBSERVING AND ORGANIZING 



MEASURING AND CLASSIFYING 



COMPARING AND CONSERVING 



ANALYZING AND SYNTHESIZING 



DEFINITIONS 



Curiosity and questions about the worid are basic to in- 
quiry skills. Thus, locating or discovering information 
based on questions is essential. Informal irsqulry- ques- 
tioning and searching-are first steps toward scientific 
and technologic problem solving and personal and so- 
cial decision making. 

One or more senses are used to gather information 
about objects, events, or ideas. Once observed and 
gathered, infonnation must be grouped in relation to 
space, time, and causal relationships. 

'^ements of these skills are counting objects or events, 
establishing one-to-one con'espondence, and organiz- 
ing objects according to numerical properties; quantify- 
ing descriptions (eg., length, wfcJth, duration) of ob- 
jects, systems, and events In space and time; forming 
meaningful groupings; putting objects or events in 
order by using a pattern or property to construct a 
series (seriatlon); classifying includes defining 
similarities and kJentlfyIng subsystems based on a 
property ard arranging subsystems and systems in a 
hierarchy. 

Comparing Involves Identifying similarities, differences, 
and changes in objects and systems in space (local to 
global) and time (past, present, future). Conserving In- 
volves understanding that quantitative relationships be- 
tween materials and systems remain the same even 
though they have undergone perceptual alterations. 

Infonnation is reduced to simpler elements for better un- 
derstanding of the organization and dynamics of ob- 
jects, systems, events, and Ideas. Analysis includes 
describing components, clarifying relationships among 
systems or subsystems, and Identifying organizational 
principles of systems. Where analysis stresses reduc- 
tion and parts, synthesis stresses construction and the 
whole: bringing together infonnation to fomfi unique or- 
ganizations, patterns, or systems. Understanding that 
the whole Is greater than the sum of parts Is part of syn- 
thesis. 



50 



ERIC 



49 



SKILLS 

Probltm Solving 
IDENTIFYING AND DESCRIBING 



HYPOTHESIZING AND PREDICTING 



SEPARATING AND CONTROLLING 



Decision Maldng 

EXPLORING AND EVALUATING 



DECIDING AND ACTING 



DEFINITIONS 



These skills extend those of gathering Information to 
problem solving. Problem identification and description 
are first steps In formal Inquiry. Included are Identifica- 
tion of personal and/or social problems, gathering Infor- 
mation, and describing what Is l<nown and unknown 
about a problem. 

When confronting a problem, one must make 
reasonable guesses or estimates based on Information 
Included are making statements of condltlonallty- If . 
then , "--concemlng a problem and predicting possible 
conclusions. Inductive (specific to general) and deduc- 
tive (general to specific) thinking as well as preposition- 
al thinking are Included. 

Applying logical pattems of reasonlng-whether to the 
design of formal experiments, analysis of data, solution 
of problems, or evaluation of pollcles-ls based on the 
skill of separating and controlling variables. Making 
clear how a condltk)n or event Is similar to or different 
from other conditions or events Is part of this skill, as Is 
Identifying factors and all possible combinations of fac- 
tors relative to a problem. Factors must be controlled 
and one variable changed to determine how It Influen- 
ces reactions. Hierarchical thinking Is used In such 
tasks as buHdlng classlficatk^n keys. 



Describing ♦he decision to be made, using skills 
developed eariler to kJentIfy and gather Infomrwitlon, con- 
verting Information to alternatives, and examining the 
consequences of different decisions are all part of the 
exploratk^n of a decision. Evaluating consists of making 
value Judgments based on the Internal consistency of In- 
formation and deariy defined external criteria such as 
costs, risks, and benefits of alternatives. 

Deciding Involves selecting from among alternatives to 
make an Intelligent and responsible choice. Available in- 
formation Is used to Justify the decision. Ways and 
means of taking responsible action are klenttfied to 
reduce or eliminate problems. 



These points may be Illustrated by an ex- 
ample drawn from an STS course currently being 
used In some American schools In England and 
Germany Developed by teachers from the 
Department of Defense Dependents Schools, this 
series of 12 instnjctlonal modules treats topics 



ranging from water quality to food, energy, and 
biomedical technology.^ Teachers may select 
any of the modules they wish to create a year s 
course, since each module provides students 
with the experience of doing science while simul- 
taneously relating the knowledge of science to 
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the political, social, and economic realities of the 
late 20th century. 

The module on consumer affairs. Your 
Money, Your Choice/ Illustrates how this syn- 
thetic approach Is achieved. During this five- 
week unKt students learn to classify advertising 
according to Its psychological Intent. They calcu- 
late unit prices, read nutritional labels, and make 
consumer decisions based on empirical data. 
They perform consumer tests on antacids and 
detergents. They also take one testing situation 
irom scratch," as they are challenged to design 
and conduct a controlied, scientifically vaiki test 
for the comparison of different brands of paper 
towels. Students use cost/benefit analysis to 
deckJe which among an array of products is the 
"best buy for a given purpose. They also 
evaluate the environment and economic cost im- 
pacts of various types of packaging. The unit 
concludes with debate over the pros and cons of 
new technologies in food distribution. 

This unit exemplifies an Interdisciplinary ap- 
proach. Its base Is science. Students spend 
much of their time In the laboratory, designing 
and carrying out contrJied experiments on 
products. Mathenriaiica! skills are sharpened in 
practical situations Involving calculatton of such 
things as unit prices and percent en'or on 
volume labels. Tile unit brings psychology and 
sociology to the fore, as students learn to read 
between the lines In advertisements clipped from 
magazines. The Intricacies of the poiltical 
process are illuminated In a simulation that re- 
quires students to develop and defend positions 
on proposed legislation to Impose a deposit on 
bottles and cans. Students encounter economics 
at two levels: personal and societal. In the former 
context, they leam about choosing products that 
provkJe the best value for the money. In the lat- 
ter, they confront the complexities of poltey-set- 
ting when, for example, they see that a ban on 
cigarette advertising imposed for positive health 
reasons exerts negative economic consequen- 
ces on several sectors of the economy, Including 
the federal treasury. Environmental awareness 
enters during the study of packaging and be- 
comes central when students analyze data on 
the environmental Impact of r>aper-versus-plastic 
grocery bags. 

Library skills are taught when students re- 
search consumer information In periodicals such 
as Consumer Reports, Students improve their 
communication skills by designing advertise- 
ments for products of their own creation. En- 
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gineering skills are Involved In the design and 
testing of a package that (It Is hoped) wHI allow 
an egg to survive a drop from a third-story win- 
dow. Throughout these exercises, the values and 
attitudes of science discussed In Chapter 4 are in- 
troduced, explored, and reiterated. The authors 
of the course have designed the module to teach 
students to find and check their facts, to with- 
hold judgment until facts can be carefully as- 
sessed, and to consider alternative courses of ac- 
tion and consequences when attempting to 
make a decision. 

The next step In the design of an STS course 
is to select or prepare materials of this kind Ever- 
increasing numbers of materials are available for 
use in STS courses; many merit attention during 
the materials review process. The main point to 
remember in the selection process Is that con- 
tent is not the sole concern. It Is equally impor- 
tant that students encounter the fundamental 
processes of science within a framework of socie- 
tal relevance. As with any course, planning a 
variety of ever-changing instructional strategies 
will probably be important to the success of the 
course. Consider field trips, simulation games, 
audiovisual materials, laboratory exercises, 
primary source readings, small-group discus- 
sions, and a host of other means to the all-impor- 
tant end of ieaming. 

Evaluation needs to be planned eariy and 
canied out throughout the development of the 
course. Evaluating student achievement, one 
aspect of evaluation, can be achieveo through 
critical assessment of students' laboratory and 
project work, as welt as their performance on ob- 
jective and essay tests. Of even greater sig- 
nificance is the evaluation of the course Itself 
Means must be Identified to determine whether 
the course fs proceeding as intended and 
whether It is achieving Its intended outcomes. 
Obsen/ations and brainstorming sessions among 
teachers working as colleagues can provkJe 
much insight, as can analysis of students' perfor- 
mance in various parts of the course. Student 
opinionnaires can also be helpful. Whatever form 
the evaluation takes. It should be both con- 
tinuous and continual, as the course grows, chan- 
ges, and is shaped by teachers and learners 
alike. 

In the final analysis, the success of any STS 
course depends first and foremost or the 
teacher Good teachers, as all students know, 
teach good courses-and STS is no exception 
Susan Speece suggests a formula for teaching in 



52 



51 



the years aheed that might well be the key to 
success wtth Inteitllsclpllnary STS: 

1 would like to propose two com- 
ponents of teaching essential to en- 
couraglng young people to conskler 
science careers and to producing 
generations of scientifically literate 
people. 1 propose that successful 
science teachers In the year 2000 will 
spend consMerable time engaged In 
meaningful laboratory activities and wHI 
exude real enthusiasm for what they 
are doing, in defense of the antk:lpated 
cries of 'loo simplistic;' 1 reply that 
these two components are Indeed suffi- 
cient to make a difference.® 

Working In the laboratory (and field) with en- 
thusiasm Is what all science teaching is about. If 
placed In the context of technology and society, 
It might also turn out to be what the best of 
science teaching Is about. 
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9. SUMMARY OF GUIDELINES FOR CURRICULUM REFORM 



Science and technology, powerful forces In 
contemporary American society and throughout 
the world, have generated exalted hopes, terrible 
fears, and critical public issues. To understand 
the workings of the modern world-to be a truly 
educated person in our tlmes-reoulres an under- 
standing of science and technology in a social 
context. 

in modem democracies, such as the United 
States, educational goals extend beyond com- 
prehenston of the world to responsible citizen- 
ship in It. Citizenship in a free society entails 
rights and duties to participate responsibly in 
decisions about public policies, including com- 
plex choices stemming from developments in 
science/technology. Through their roles as 
voters, interest group members, workers, con- 
sumers, and office holders, citizens are increas- 
ingly challenged to make choices about the so- 
cial uses of practtees and products of science 
and technology. Thus, education for citizenship 
In a modem democracy must emphasize 
science/technology/society. 

Educators have been recognizing the need 
to treat science/technology/society emphatically 
In the core curriculum of schools and in general 
education for citizenship. There is a trend among 
secondary school cunlcuium reformers in the 
United States, and severai other nations, in favor 
of educatton on science/technology/society/ 
However, this trend among educatk)nal leaders 
has not been translated into widespread practice 
in secondary schools. There is a rather large gap 
between new goais on STS in national reports 
and the cunlcuium in operation in most schools. 
Gear thought and hard wori< in STS curriculum 
reform remain to be accomplished. 

A bask: step in curriculum reform is concep- 
tuailzatk>n, whtoh involves construction of a 
framewori< to gukie deliberation and decisions 
about design of new courses or significant 
modifications of oW ones. A framework for cur- 
riculum reform consists of interrelated categories 
and criteria to guide selection and organization 
of content, cognitive processes, and affective 
processes to be taught and learned. A 
framework for curriculum reform establishes 
boundaries for a field of education, such as STS. 
Thus, users of the framework are able to Identify 
content and learning activities that fit the 
proposed curriculum and to distinguish them 



from subject matter and pedagogy that do not 
belong. 

Primary categories of the curriculum 
framework in this work are- 

1 Acquisition of knowledge. 

2. Utilization of cognitive process skills. 

3 Development of values and attitudes 

Each of these three categories is a guide to 
fomriulation or selection of educational goais. 
means of instruction, content, and learning ac- 
tivities. 

Following are general gukJelines for STS cur- 
riculum reform that fit the cunlcuium framework 
presented in Chapter 1 and elaborated upon in 
Chapters 2, 3, and 4 of this wori<. These 
guWelines represent common concems of secon- 
dary school educators in the sciences and social 
studies. They are applicable to teaching and 
learning about science/technology/society in 
both areas of the cunlculum-aibelt in different 
ways suitable to variations in subject matter and 
methods of inquiry that distinguish subjects 
within and between the sciences and social 
studies. 

Guidelines for Education on Knowledge In 

STS 

1. Develop comprehension of three fun- 
damental concepts-science, technology, 
society-and the various interrelationships among 
these three concepts, such as the symbiotic con- 
nection of science and technology occurring in a 
social context. 

2. Emphasize knowledge of major concepts 
in science and technology that are associated 
with significant social changes and scientific is- 
sues; these concepts, anchored in the traditional 
academic disciplines of physical and natural 
science, should be applicable to social changes 
and scientific issues of continuing importance 
and relevance to citizenship in a free sociaty. 

3. Emphasize knowledge of major concepts 
and topics in history and the soclai sciences that 
are associated with significant soclai changes 
and scientific issues rooted in science/technol- 
ogy; these concepts and topics include institu- 
tions and human affairs connected with the prac- 
tices, products, and effects of science/technol- 
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ogy In a social context. These concepts and 
topics shouid be treated In historical perspective 
and with futuristic vision. 

4. Teach about STS Issues In history and 
contemporary society which Illuminate and en- 
hance comprehension of STS Interactions; these 
STS Issues should be linked to core concepts 
and topics of standard secondary school sub- 
jects In the sciences and social studies. 

5. Develop understanding of the uses, limits, 
abuses, and variable social consequences of 
scientific and technological endeavors; the ul- 
timate goal Is connecting education ^bout 
science/technology/soclely to development of 
good citizenship In a free society. 

GuidtllnM for Education on Cognitive 
ProcMS Skills in STS 

1. Emphasize development of cognitive 
process sl<lls Involved In scientific/technological 
Inquiry-including information processing and 
problem soMng-as ways of producing and ap- 
plying knowledge about nature and society. 

2. Emphasize development of cognitive 
process skills Involved In civic decision making 
as a ratk^l means of assessing, judging, and 
choosing options and resolving Issues about the 
uses of science and technology In society. 

3. Provide continual practice to direct stu- 
dents* use of cognitive process skills, to connect 
mistakes immediately and constructively, to rein- 
force desirable perfonnance, and to enhance 
teaming. 

4. Use direct or dkJactIc teaching as a useful 
means to Introduce skills; however, students 
must also be stimulated and gukJed !o think on 
their own, to resolve dHemmas, take stands on Is- 
sues, and judge propositions about knowledge. 

5. Emphasize practice of skills with recogni- 
tion of how they fit together as part of a process, 
such as civic declskDn making or problem solving 
In scientific inquiry; avoid teaching skills discrete- 
ly, which is a weak means to development of 
higher level cognitive capacities. 

6. Incorporate learning activities on cognitive 
process skHls In the core curriculum-school sub- 
jects required of all students; cognitive process 
skills In science/technology/society should be 
developed systematically and extensively In all 
social studies and science courses, In a manner 



consistent with the Intellectuaf development and 
prior leaming experiences of students. 

Guidelines for Education on Values and 
Attttudes In STS 

1 Foster appreciation of sclence/techndogy 
as worthwhile human endeavors. 

2. Develop understanding of and Intelllgent 
commitment to values, attitudes, and assump- 
tions associated with products, processes, and 
persons of sclence-the knowledge produced by 
scientists, the methods used by scientists, and 
the IndlvkJuals engaged In scientific Inquiry 

3. Develop understanding of and Intelllgent 
commitment to values, attitudes, and assump- 
tions of a democratic or free society, which are 
compatible with the premises and precepts un- 
derglrdlng scientific Inquiry. 

4. Emphasize the critical Importance of ethi- 
cal questions about the uses of science/technol- 
ogy In society. 

5. Develop commitment to rational conskiera- 
tion-in terms of democratic vaiues-of Issues 
about appltcattons of science and technology In 
society. Teachers should never lose sight of the 
perennial question: To what end?" 

6. Teach values and attitudes of science and 
democracy In combinatton with knowledge and 
cognitive process skills that are central to studies 
of science/technology/society; these connections 
are likely to contribute significantly to students' 
comprehension of core values and their ability to 
apply them to analyses and appraisals of kieas 



The preceding gukJellnes for STS curriculum 
reform can be applied to modification of stand- 
ard secondary school courses In the sciences 
and social studies; this Is the Integration strategy 
of curriculum reform. The Infusion or integration 
strategy may involve additions of STS content 
and leaming activities to existing units of study In 
a course. Another approach to Integration Is to 
add a special STS unit to the end of a standard 
coUi'se In science or social studies 

An alternative to the Infusion or integration 
strategy Is development of new, interdisciplinary 
courses In STS. Social Issues rooted in 
scienceAechndogy would serve as the focal 
points for organization of relevant content drawn 
from various subjects of the sciences and social 
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Studies. The likely costs, risks, difficulties, and 
rewards of alternative approaches to curriculum 
reform are discussed In Chapter 5. 

Appiicatk>ns of the preceding guidelines to 
secondary school courses In the sciences and 
social studies are discussed in Chapters 6 (scien- 
ces) and 7 (social studies). Chapter 8 treats the 
interdisciplinary approach to STS cunlcuium 
reform. Chapters 6 and 7 indicate the numerous 
openings for integration of STS content and 
learning activities into standard secondary 
school courses in the social studies (American 
history, world history, geography, and govern- 
ment) and sciences (earth science, life science, 
and physical science). 

The social studies and the sciences have dis- 
tinct and complementary contributions to make 
to education about science/technology/society. 
For example, the social studies contribute to an 
understanding of the social context, in historical 
perspective, of developments in science and 
technology, in addition, the social studies con- 
tribute uniquely to an understanding of the ethi- 
cal and value components of social issues 
generated by scienceAechnology. The moral- 
value Judgment dimension of civic decision 
making, for example, is beyond the limits of 
scientific inquiry. 



Science contributes t)asic knowledge about 
alternative courses of action and hypotheses 
about likely consequences of options in an oc- 
casion for decision about applications of 
science/technology in society. Knowledge 
produced by science, plus cognitive process 
skills in scientific inquiry, are essential to weigh- 
ing the competing factual claims associated with 
complex STS issues 

Widespread citizen comprehension and ap- 
preciation of the interrelated contributions of 
science and the social studies to knowledge 
about the modem world, and resolution of STS Is- 
sues that threaten it, depend upon secondary 
school curriculum reform. Connections between 
the sciences and the social studies must be 
made In the secondary school curriculum In be- 
half of generc. * ' ication for responsit)le citizen- 
ship in a free society. 

Notes 

1. Rodger W Bybee and Teri Mais. "Science 
and Technology Related Global Problems: An in- 
temationai Sun/ey of Science Educators," Jour- 
nal of Research in Science Teaching 23, 7 
(1986). pp. 599- 618. 
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